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Experience with the STAIR program over the past year has disclosed a number of errors in the

printed manual, Rather than list the errors on a sheet and rely on each holder of the manual to

make the appropriate corrections, corrected pages for insertion into the manual are being pro-

vided for all copies as follows.

Page iii: Add - Error Halts in the BSS Loader 66a

Page 10: Program description changed to account for the Y reaction component
at joint 0305.

Page 15: Y coordinates at joints 0102, 0103, 0105, 0106, 0202, 0203, 0302, 0303,
0305, 0306, changed to agree with card listing on Page 25.

Page 36: Heading of a column in the table changed.

Page 57: Z coordinates of joints 101, 102, 103 added.

Page 66a: New page of Error Halts in the BSS Loader.

Page 70: Program description changed and a duplicated footnote removed.

Page 79: Changes in variable names and block names.

Page 80: Size restriction relocated from Page 79.

Page 82: Change in the incrementing of a "do" loop.

Page 84, Change in the calculation of the variable NRAS.

If any other errors are found, please notify Mr. William R. Fanning, Room D-250, Ext. 7592,

Lincoln Laboratory, M.I.T., P.O. Box 73, Lexington, Massachusetts 02173.
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The new matrix will represent the same structure as the original matrix. This operation,

which amounts to the partitioning of the original stiffness matrix, is equivalent to the elimina-

tion process used to reduce the number of unknowns in a set of simultaneous equations such as

Eq. (2), and is referred to as "Elimination." The new matrix is called an "Effective Matrix."

To illustrate the elimination process consider the force-displacement equation for unit 01

in Fig. 2:

C F 0 1 0 1  0101

F 0 1 0 2  U0102

F 0 1 0 3  U01 0 3

F 0 1 0 4  U01 04

F 0 10 5  K U0 1 0 5  (4)

F 0 1 0 6  U0 1 0 6

F 0 3 0 4  U0 3 0 4

F 0 3 0 5  U 0 3 0 5

F 0 3 0 6  U 0 3 0 6

where F and U represent three components of joint force and joint displacement, respectively.

Displacements U0 10 1 , U0 1 0 2 and U 0 1 0 3 are now eliminated from the equations (these are at the

joints not common to other units) and Eq. (4) is reduced to

Fbi0 4  U01 0 4

F'105 U 0105

F01 0 6  ye U0106

F0304 0 3 0 4

F0305 0 3 0 5

( F030 6  U0 30 6 J

The original matrix (K) of size 27 X 27 is thus reduced to the effective matrix (Ke) of size 18 X 18.
During this process, the force vector F is also modified to F'. The details of this modification

are described in Chapter 4.

A similar effective matrix can be formed for unit 2 and superimposed on that for unit 1. The

resulting matrix represents the structure shown in Fig. 5. At this point, the fact that displace-
ments Y0 1 0 6 and z 0 1 0 6 must equal zero is taken into account by discarding the columns and rows

in the matrix corresponding to these displacements. The matrix for the two-unit combination is

C
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then 25 X 25. The displacements at joints 0105 and 0104 and the remaining displacement at 0106

are now eliminated, leaving an effective 18 X 18 matrix.

Finally, the effective matrix for unit 3 is superimposed. This does not increase the size of

the matrix since no new joints are introduced. Joints 0204, 0Z05 and 0Z06 are now eliminated

leaving a 9 x 9 matrix. Displacements xyz0 3 0 6 and Y0 3 0 5 are all zero and the corresponding

terms in the matrix may be discarded. This leaves only a 5 x 5 matrix, which is finally solved

for the displacements at joint 0304 and the remaining displacements at joint 0305.

By the simple process of substitution, all other displacements may be determined. Having

displacements, all bar stresses and reactions are easily obtained.

In comparison to the method described above, a direct solution without subdivision of the

structure would have required the solution of 48 simultaneous equations. The great advantage

of the method is now obvious when applied to large structures having many joints.

C"V

Fig. 5.

0105 Unit I
0106

C. INPUT DATA

It is desirable to prepare the input data on format input data sheets before punching them

onto cards. The restrictions of the STAIR ANALYSIS PROGRAM and the items of data required

for each step of a problem are listed and discussed in the following sections.

Two decks of cards have to be prepared for the STAIR System: a structural data deck and

a load data deck. These decks are handled differently during the running of the problem.

The structural data deck is input directly to the STAIR System. This deck begins with a

block of cards punched from an "Initial Data Sheet." Subsequent blocks of cards correspond to

consecutive steps in the ANALYSIS PROGRAM; the first card of each block calls the routine

which executes the step, and the following cards provide the data needed for the execution.

The load data deck is input to the STAIR Load Program (SLOP). This program, which must

be run before the ANALYSIS PROGRAM, receives and/or computes concentrated joint loads for

various types of loading on the structure. The loads are assembled into groups of loads applied

to individual units of the structure. SLOP is stored on tape for use by the STAIR System.

Each item of data entered on the format sheets is either an integer number (such as a quan-

tity of joints or bars) or a fixed number (e.g., a joint coordinate or a bar area). The format

sheets prescribe a field for each item of data. A field is the maximum number of characters

an item may contain.

Integer numbers are always entered at the right of their field and are never written with a

decimal point. Fixed numbers may be entered in one of two ways: with or without a decimal

point. If the decimal point is specified as a character in the item of data, the number may be

written anywhere within its field. If the decimal point is omitted, the number must be positioned

about the dashed line in its field, with the fractional part to the right of the dashed line. The lo-

cation of dashed lines is written into the machine program as indicated on the data sheets con-

tained herein. If there is no dashed line in the field of a fixed number, it may be assumed at

the right of the field.

10 ORevised 8/4/64
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SLOP INPUT DATA SHEET B'
STRUCTURAL DATA II P

PROBLEM ?OO PAGE J4J

LIST BAR NUMBERS OF THE
STRUCTURE (215, F12.6) PUNCH ONE LINEPER CARD

BAR NUMBER AREA (SQ.IN) 0
1 2 3 41516 7 9 I0 111213141511671181920 212n

aLoL M- I I 310

h 1 004

•L o / g t 4 310
&1 at 0 I I 1 -2410 l

S102 _0 0
.QL9~ 310 .

Q L41 o / - -10

- t0AoLo 4 JiA -210
41o 1j~ 310

o / o4 ' 3 •310

io, o• 2Zviol,

!o/ 0 o 02. 0-Ia0

i A- 0o & 1 310

Q-AQ

AoIA Ax a" .1o&16

so 0406 Ri I I~o 10

A0•L IQ0 _ 1

IQ Q321 1 1-1
-I L3~ - o

- 2o , I t 1 12

o 2 - . o i02 Qo _ IC K•t

o~o' o5 O 4OUNES

16



F. INPUT DATA FOR THE STAIR SYSTEM

The input parameters required by each step of the STAIR operations are described below.

2 The restrictions on the magnitude of these parameters and operations are given where appli-

cable. The formats in which these data parameters are prepared will be illustrated in the fol-

lowing data sheets. Data sheets for each step are arranged in the same order as the example

for the ANALYSIS PROGRAM. The same example structure of Fig. 2 is used.

Initial Input (refer to data sheet, p. 44)

(a) Problem identification number (IDP).

(b) Number of units into which the given structure is divided (NUT).

(c) Number of different loading conditions to which this given structure
is subjected (NK).

((d) Number of reaction jojins or supports in structure.

(e) Elastic modulus of bar material E kips per sq. in.

(f) List of reaction joint numbers and the coordinate directions in
which displacement is restricted (1-immovable; 0-free).

Size Restrictions

(a) Number of units < 99.

(b) Number of reaction joints < 125.

(c) Loading conditions < 28.

STRIX (refer to data sheet, p. 45)

(a) Step number in ANALYSIS PROGRAM. It precedes every operation
code, as the 001 on p. 45 precedes 01 STRIX, and the 005 precedes
04 MADD on p. 49. It is the first card of a card block calling the
routine which executes the step as mentioned in the section on input
data. (Step numbers must start at 01 and proceed sequentially to
the end.)

(b) Identification number of the unit (NUU) to which this STRIX operation
applies. On p. 45 NUU is 01; later, units 02 and 03 will be formed
by MATRO. In case some of the units are not identical, NUU is used
to identify the different STRIX operations for different units when
STRIX is called more than once.

(c) Number of Joints in the unit (NJTU).

(d) Number of bars in the unit (NMU).

(e) Joint sequence. This serves as a reminder only, and is not a part
of the input data.

(f) Joint cards giving the joint numbers [see Operation Restriction (b)]
contained in the unit in sequence* and the coordinates of the joints
in feet (reproduced from SLOP).

(g) Bar cards are reproduced from SLOP. Bars which are common to
two units are listed separately for this input (see p. 4 6 ).

C_

*The sequence can be of any convenient form, but the joints that are to be~eliminated by EFFRIX
must be placed first in the sequence.

C,
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Size Restrictions

If N = 3x (number of joints in the unit), NK = number of loading conditions.

(a) Nx(N + I + N X NK 16000 (see table).2

NJTU NK

59 10
58 4

57 7

56 10
55 13
54 17 ,

53 20

52 24

51 27

(b) Number of bars 4 600.

(c) Unit number < total number of units in the structure.

Operation Restrictions

(a) In no case may all the bars meeting at a joint lie in one plane unless
the joint is a reaction joint. If a planar joint exists, a new bar out
of the plane (an imaginary member) may be inserted which will carry
no stress but will allow the analysis to proceed.* The new bar may
connect the planar joint with any other joint not lying in the plane. 0

(b) If an EFFRIX operation immediately follows STRIX in the sequence
of the ANALYSIS PROGRAM, those joints which are going to be elim-
inated have to be placed first in the row of joint cards. In the ex-
ample, joints 0101, 0102 and 0103 are eliminated by the following
EFFRIX.

EFFRIX (refer to p. 47)

(a) Step number in ANALYSIS PROGRAM.

(b) Number of joints (NE) to be eliminated from the row sequence
established by the previous operation (STRIX or MADD).

Size Restrictions

NE = number of joints to be eliminated. 0
NJ = number of joints in original row sequence (number

of joints in the unit).

NR = number of reaction joints among joints being eliminated.

NC = number of reaction components acting at the eliminated
reaction joints.

Iv
* See p. 41 for a more detailed explanation of a planar joint.
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012O7DEFSOL

969606

sloI 0103 30

9151. 03l1 30615 010'6 30

0102 036' 30

0102 0106 30
0163 030'. 30

Ol66 0306 30

0202 0505 30

0162 6020 30

6020. 0105 30
0204 0206 3d
0292 0203 30

0202 0230 30

0206. 0320 30

020' 0206 30
0120' 2030 30

0165 1303 30
0206 02302 30
0266 0303 30

0302 0303 30

0105 0106 38

0D201 0202 30
0g201 0203 30
030g2 030'. 30

6303 0305 30
630' 0305 30
030' 0306 30

102 00 -3'464.102 20
103 00 -3464102 -20
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B0

0

hC

0

lft -6r6 g0 of
IBS -129 -34.64.102 -20

203 -60 692827U -25
2011 as 10392305 of
285 08 17320508 -20

303 60 6928203 -23

0

30'. 63 00 so
385 123 -31.64102 -20

0
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G. ERROR HALTS IN THE BSS LOADER

The STAIR system uses the old BSS loader (commonly called the 10-card loader) and not the

newer BSS2 loader because of incompatible timing and binary patches that are made to the loader
by the MISLAM routine at execution time. The BSS loader has known errors in it; however, these

do not affect the STAIR system. Because this loader is essentially obsolete, information on its

operation and error stops is difficult to obtain. For this reason, the following table (as contained

in an early IBM 709 FORTRAN Operators Manual and Lincoln Memorandum No. 2C-0318) is re-

produced here for the users convenience.

Halt Location
(Octal) Reason for Halt Procedure

77525 Check sum error on cards. Press START to accept information.

(' 77755 Instructions overlap the Terminate loading. Combination of
Symbol Table of the program and transfer vectors too long.
Loader. Rewrite program.

77400 Instructions and Data Terminate loading. Combination of in-
overlap. structions and data too long. Rewrite

program.

77731 More than 20 subroutines If missing subroutines are immediately
are missing. available, ready in the card reader,

press START until a stop at 77747 occurs.

77437 EOF at the card reader. Press START to read cards.
This condition does not
produce a Halt. The
Program Light is not
turned on but the Read
Select Light is turned on.
The location counter will
contain 77437.

77747 Missing subroutines. This stop indicates the TRANSFER CARD
has been reached. It is caused by one of
the two occurrences listed below:

(1) Loading has been completed, but at
least one of the subroutines called for is
missing. Location 77400 contains the
BCD name of the first missing subroutine,
location 77401 the 3econd, etc. If the
missing subroutine(s) is immediately
available, it may be loaded without
starting the entire loading process over
again. Place another TRANSFER CARD
(9 punch in column i) at the end of the
routine(s), ready in the card reader,
and press START.

"(2) The TRANSFER CARD encountered
is really a premature one that simply
has not been withdrawn. Be certain that
a TRANSFER CARD is the last card at
the end of the deck and press START.

C
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D. DEFINITION OF COMMON VARIABLES

Common storage contains the following list of variables during execution of all the operating

routines:

IDP problem identification number

NSTEP consecutive number of steps in ANALYSIS PROGRAM being
executed

E elastic modulus of bar material

NREF number of residual and reaction matrices written on tape A6

NJREAC number of reaction joints in structure

NUT number of units in structure

NK number of loading conditions

NU number of unit whose matrix is in primary storage area

NJT number of joints in primary row sequence

NJSEC number of joints being eliminated from primary row sequence,
or number of joints in secondary row sequence

NRJSEC number of reaction joints among joints being eliminated

NRCSEC number of reaction components among joints being eliminated

JREAC list of all reactions acting on structure (four words per reaction
joint giving joint number and code indicating whether or not com-
ponents of reaction act in x-, y- or z-directions); (0) means no
reaction, (1) means a reaction

NTAPE tape reading error indicator (set by FIXTPE and sensed by
routine calling FIXTPE)

NROW list of joint numbers associated with matrix in primary storage
area

STRIX primary matrix storage area

The following arrays are included in common storage by all routines except STRIX (to be dis-

tinguished from array STRIX), BARSOL and CHECK.

NROSEC secondary row sequence, associated with matrix in secondary
storage area

LRSEC list of reactions among joints being eliminated

STSEC secondary matrix storage area

Additional parameters and arrays may be included in common storage by the use of certain op-

erating routines, but these parameters do not affect the continuity of operation among routines.

E. TAPE STORAGE FORMATS

Storage formats for the input and buffer tapes attached to DSC A are given below. The

format of the program tape B4 will be described with MISLAM.

Tape A6 - Residuals and reaction matrices in two binary-record groups.

Record i - IDOUT, NJT, NJSEC, NRJSEC, NRCSEC

Record 2 - NROW, LRSEC, STSEC

( Tape A7 - Matrix equation storage in three binary-record groups.

Record i - NHED, NJT, NJSEC, NRJSEC, NRCSEC, NU

Record 2 - NROW, STRIX

Record 3 - NROSEC, LRSEC, STSEC

69



Tape A8 - Load data with consecutive binary records containing the load
matrix for consecutive units of the structure. The first word of
each record is a heading NHED.

Tape A9 - Structural data in groups of BCD records.

Following an initial group of two data records, the records for
the step number and the operation number follow, each of which
is followed by the data records for the step.

Records i and 2 - General structure data

Record 3 - Step number, operation number

Record 4.... n - Data for this step

Record n+1 - Step number, operation number

NHED identifies a record group u as 32767-u.

IDOUT identifies a two-record group as a residual (0) or reaction matrix (1).

F. STAIR OPERATING ROUTINES

The nine operating routines are described on the following pages. Each description has the

following format:

(a) Operation - definition of the matrix operation performed.

(b) Mathematical method - brief description of technique for performing
the operation.

(c) Initial condition of core - common variables which must be present to
maintain continuity.

(d) Error stops.

(e) Output - to tape only; on-line output consists of error diagnostics and
tracing information.

(f) Final condition of core - common variables which are changed, affecting
continuity.

(g) Addressing diagrams.

(h) Block diagrams - flow charts.

1. STRIX

Operation: Forms a stiffness matrix equation in core from input defining the geometry of

a structure and its load matrix.

Mathematical Method: Terms of the matrices for single bars are computed and superim-

posed on the array of the final matrix. The location of the final matrix array of the bar con-

necting joints a and b is determined by the positions of a and b in the list of joint numbers

NROW. The load matrix for the structure is read directly from tape A8, and is stored imme-

diately after the stiffness matrix. A vector check* indicates if all the bars meeting at any joint

lie in a plane; such a geometry would result in a singular stiffness matrix.

Initial Condition of Core: Common variables E, NUT and NK must be predetermined.

z **See footnote on p. 41 for an explanation of this check.

70 Revised 8/4/64
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EFFRIX ADDRESSING DIAGRAMS

3 NJT

NXROW

3 NJSEC

STR IX

~IIZIIILI II 11111113 NJT
STSEC

S C REACTION EQUATION STORAGE BY EFFRIX
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3NJSEC _j,

K1 K1 FI

"K22  F2

STRIX

NRA NRB NK

KII K 12  
F I

STSEC\

NRA = 3 NJSEC - NRCSEC0
NRB = 3 (NJT- NJSEC)

SIZE RESTRICTIONS:

NRA (NRA + 1)/2 + NRA (NRB + NK) 4 9500

NRA (NRA + 1) < 3 NJSEC (3 NJSEC + I)V2 + 9 NJSEC (NJT- NJSEC)

(3 NJT + NRB + 1)3 NJSEC/2 > (NRB + 1) NRB/2

NRA >0

NRJSEC,< 10

MATRIX RESIDUAL STORAGE BY EFFRIX

8
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EFFRIX - GENERAL

1. CHECK JOINTS TO BE ELIMINATED
FOR REACTION COMPONENTS

bNRJSEC 0

+ LRSEC (1) =0

1 2. FORM REACTION MATRIX

(1 1

OUTPUT REACTION MATRIX TO TAPE
STORAGE

3. TRANSFER AND CONDENSE SUBMATRICES
Kill, K12, AND F1

£I

SUBROUTINE MAVERT)

£I

5. FORM EFFECTIVE MATRICES

SK2*2 AND F•e

! I ~~OUTPUT MATRIX RESIDUALSTOAP J

•iJ STORAGE

I6. CONDENSE ROW SEQUENCE

81



IA. CHECK JOINTS
TO BE ELIMINATED
FOR REACTION COMPONENTS

NRJSEC = 0

NRCSEC - 0
MAXRS = I

MAXR = 4 NJREAC - 3

SET K I1II

NRJSEC = NRJSEC+1

IB'. STORE IDENTIFICATION
OF REACTION COMPONENT
AND MATRIX ROW

K = NJSEC L - MAXR
YES NO YES NO

IC. COMPUTE MATRIX

SIZE AND CHECK

RESTRICTIONS

I OTNUE
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19 STR0DNIIAINO

RECINCMPNN0N

MARX O

IR SEC (MAXRS + 1) = JREAC (L + 1)

9JREAC (L +1) 0

NRCSEC = NRCSEC + I

NXROW(NRCSEC) = 3 X K - 2

FLRSEC(MAXRS + 2) =JREAC (L ::2)]

JREAC (L + 2) 0

( NRCSEC = TNRCSEC + I

NXO NCE)=3XK-1

SRE MXS+3 RA L+3

SRA L+3
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IC. COMPUTE MATRIX SIZE AND
CEKSIZE RESTRICTIONS

NRP =3 X NJT
NRS = 3X NJSECW
NRA=-NRS -NRCSEC
NIB = NRP - NRS

MAXM.-NRA X(NRA + 1 Y2
+ NRA X(NRB + NK)

AREM VIOLATED0
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| ERRATA SHEET
60 for E

N• LINCOLN MANUAL NO. 48

1 STAIR

qz- (STRUCTURAL ANALYSIS INTERPRETIVE ROUTINE)

INSTRUCTION MANUAL

( Experience with the STAIR program over the past few months has disclosed a number of errors

in the printed manual. Rather than list the errors on a sheet and rely on each holder of the

I -manual to make the appropriate corrections, corrected sheets for insertion into the manual as
follows are herein provided:

Page 15: Problem 200, SLOP Input Data Sheet 'B,' Structural Data I: coordinate
listing corrected. Remove original page 15.

Page 16: Problem 200, SLOP Input Data Sheet 'B,' Structural Data II: area
listing corrected. Remove original page 16.

Page 17: Problem 200, SLOP Input Data Sheet 'B,' Structural Data II: area
listing corrected. Line out page 17; save page 18.

Page 21: Problem 200, SLOP Input Data Sheet 'C,' Loading Data, Case #3:
loading corrected. Line out page 21; save page 22.

Page 25: Printout: print error corrected. Remove original page 25.

Page 26: Printout: print error corrected. Remove original page 26.

Page 37: Program description: equations corrected. Line out page 37;
save page 38.

Page 39: Program description: equations corrected. Line out page 39; save
page 40.

Page 80: Program description: equations corrected. Line out page 80; save
page 79.

Page 84: Program block diagram: equations corrected. Line out page 84;0 save page 83.
Page 448: DEFSOL Matrix Addressing Diagram: equations corrected. Line

out page 418; save page 147.
Page 419: DEFSOL Matrix Storage Diagram, Matrix Storage Area: equations0 . corrected. Line out page 419; save page 120.
Page 123: Program block diagram: equations corrected. Line out page 123;

save page 424.

If any other errors come to notice, please notify Mr. William R. Fanning, Room D-255, Ext. 7592,

M. I. T., Lincoln Laboratory, P.O. Box 73, Lexington 73, Massachusetts.

Publications Office
M. I. T. Lincoln Laboratory
P.O. Box 73

15 July 1963 Lexington 73, Massachusetts
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SLOP INPUT DATA SHEET B'13

STRUCTURAL DATA II

PROBLEM Z PAGE .5!

LIST BAR NUMBERS OF THE
STRUCTURE (215, F12.6) PUNCH ONE LINE

PER CARD-
BAR NUMBER AREA (SO. IN)

1 2 3 4 15 6 7 8 9 110 1111213 14 15IlJ7181920 212
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SLOP INPUT DATA SHEET 'B'
STRUCTURAL DATA II

PROBLEM Z oo PAGE 4/11

LIST BAR NUMBERS OF THE
STRUCTURE (215, F12.6) PUNCH ONE LINE

PER CARD

BAR NUMBER AREA (SQ. IN)

1 2 3 4 5 6 7 8 9 I0 11 12 1314115 11J17181 9 20 22

O.Z& A - •02 31o
-a A - a 2 _210

-o A 1..4 310

-a Q O3 aA11o
.12 -A X± 0 4-

A..21 a- A a - .210

aim I,_o__ a___ o

o;J~~ hi .0a 10
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SLOP INPUT DATA SHEET 'C'
LOADING DATA

CASE+ (Sh off"

PROBLEMc• iO PAGE 8/11

- '

~z

UN 9| -

(.4

z +

LU.

s-i i-i

II
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200040300180034
060601%

101 00 00
102 00 -3464102 20
103 00 -3464102 -20
104 -60 00 00
105 -120 -5464102 -2-
106 -120 -3464102 20
201 -30 5196152 n0

207 -6M 6928203 20
201 -60 6928203 -20
204 00 10392305 00
205 00 17320508 -20
206 00 17320508 20
301 30 5196152 00
302 60 6928203 20
303 60 6928203 -20
304 60 00 00
305 120 -3464102 -20
306 120 -3464102 20
0101 0102 30
0101 0103 30
0101 0104 30
0101 0304 30
0102 0103 30
0102 0104 30
0102 0105 30
010? 0106 30
0107 0304 30
0102 0306 30
0103 0104 30
0101 0105 30
0101 0304 30
0103 0305 30
0103 0306 30
0104 0105 30
0104 0106 30
0104 0201 30
0104 0202 30
0104 0203 30
0105 0106 30
0105 0203 30
0106 0203 30
0106 0202 30
0201 0202 30
o2n! 0203 30
0201 020'.- 30
0202 0203 30
0202 0204 30
020? 0205 30
0202 0206 30
0203 0204 30
0203 0205 30
0204 n2o5 30
0204 0206 30
02M4 n3Ol 30
0204 0302 30
02W4 n103 30
020n 0206 30
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0203 0303 30
0206 0302 3o
0206 6301 30
03'1 0302 30
0301 0303 30
0301 0304 30
030 0103 30
0302 0104 30
0302 0305 30
0302 0306 30
0303 0304 30
0303 0305 30
0304 0305 30
0304 0306 30
0305 0306 30

101
1700 0 -1 0

102
1700 0 -1 0

202
00002
0202 5 0 75
0303 5 0 -75
203
00005
0103 0 -5 0
0202 5 0 0
0204 0 -1C m
0206 0 0 -75
0301 5 0 1
204
00001
0101 1 2 3
3
0109

0101 0102 0103 0104 0105 0106 0304
0305 0306

0209
0201 0202 0203 0204 0205 0206 0104
0105 0106

0309
0301 0302 0301 0304 0305 0306 0204
02OA 0206
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NK = number of different loading conditions.

A = 3NE - NC.

B = 3 (NJ - NE).

C = 3NE.

(a) NR 4 iO.

(b) A(A + I) + A(B + NK) 4 9500.

C +i
(c) A(A+i)< [Cx "i+ +CxB].

(d) B(B + i) <[CX C-+-1 +CXB].

(e) A>0

MATOUT (refer to p. 47)

(a) Step number.

(b) Tape location (Loc.) in which a matrix is to be stored. Matrices
are stored on tape in blocks. These are numbered consecutively,
the tape location being the number given to the block.

Operation Restriction

Only one matrix may be stored in a tape location.

MATRO (refer to p. 48)

(a) Step number.

(b) Identification number of new unit (NUN).

(c) Angle through which old unit* must be rotated in the x-y plane to
arrive at the position of the new unit. Angle (EPS) measured in
degrees and positive when clockwise, as viewed by an observer
on the positive z-axis. In the STAIR system, the rotation must
be about the z-axis.

(d) Row sequence of the resulting matrix after rotation [NROW (1)
to NROW (NJT)].

(e) If the matrix being rotated is a reduced matrix, i.e., some joints
have been eliminated from it by EFFRIX in a previous step, the
inverse matrix corresponding to these eliminated joints is stored
in the secondary matrix storage - then, not otherwise. The new
row sequence of the eliminated joints, i.e., the new row sequence
for the new inverse matrix, is NROSEC (i) to NROSEC (NE).

Size Restriction

(a) New unit number < number of units in the structure.

Operation Restriction

(a) Matrices of identical units from which joints have been eliminated
may be formed by MATRO exe~pt when one of the eliminated joints
of the old unit has a corresponding joint in the new unit which is a
reaction joint, or vice-versa.

(b) MATRO can not follow a double EFFRIX sequence.

( *Matrix of unit in core.
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DFL (refer to p. 4)

t (a) Step number,

(b) List of the number of joints which are prefixed by each unit number
(IUADR). For example, there are 9 joints in unit 0t, but only 6
joints are prefixed by unit number 0t. (Notes regarding this in
SLOP apply here also.)

Size Restrictions

NJ = number of joints in final row sequence.
NR = number of reaction joints among final joints.

NC = number of reaction components among final joints.

NK = number of loading conditions.

NJT = total number of joints in structure.

NRT = total number of reaction joints in structure.

A = 3NJ- NC.

(a) NR 4 10.
(b) Ax(A+i)/2+AXNK 9500.

(c) A(A + 1) < 16,000.

(d) 4 x NK(NJT + NRT) < 16,000.

Operation Restriction

DEFSOL may be called only when the final matrix of the structure is stored in the computer

core.

Output

(a) Joint displacement (in inches).

(b) Reactions (in kips).

BARSOL (refer to p. 54)

(a) Step number.

(b) Number of bars whose stresses are to be computed (NM).

(c) Number of joints to which the bars listed in (b) are connected (NJ).
(d) List of bar numbers of the bars whose stresses are to be computed

(reproduced from SLOP).

Note: STAIR will compute any desired number of bar stresses by
repeated use of BARSOL.

(e) Joint cards, giving the joint numbers and coordinates. Only those
joints which appear in the list of bar numbers (p, 54) need be in-
cluded (reproduced from SLOP).

Size Restrictions

NK = number of loading conditions.

(a) NJ< 800.

(b) NM < 1000.

(c) NK X NM < 4300.
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3 NJT NK
S3 NJsEc

K1  . K12  F]

K22  F

STRIX

NANRB b.~a NLW

STSEC

NRA = 3 NJSEC - NRCSEC
NRB = 3 (NJT- NJSEC)

SIZE RESTRICTIONS:

NRA (NRA + 1)/2 + NRA (NRB + NK) .< 9500

NRA (NRA + 1) 3 NJSEC (3 NJSEC + 1)/2 + 9 NJSEC (NJT- NJSEC)

(3 NJT+ NRB+ 1)3 NJSEC/2 > (NRB + 1) NRV/2

NRA >0

MATRIX RESIDUAL STORAGE BY EFFRIX
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IC. COMPUTE MATRIX SIZE AND

CHECK SIZE RESTRICTIONS

NRP = 3 X NJT
NRS = 3 X NJSEC
NRA - NRS - NRCSEC
NRB - NRP - NRS

MAXM= NRA X(NRA + I)/2
+ NRA X (NRB + NK)

JMAXM = NRS X (NRS + 1 /2

S+ NRS X NRB

NRAS = NRA X NRA

I

SNRCM =(NRP + NRB + 1 ) X NRS/'2

NNRD'M =(NRB + 1 ) X NRB/2

+ PRINT ERROR:
SIZE RESTRICTIONS

SCONTINUE ARE VIOLATED
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DEFSOL MATRIX ADDRESSING DIAGRAM

NRP__________________NK
NRCSE!ý-------

I NRA
X L÷LS I

ORIGINAL MATRIX>"
(STRIX)

CONDENSED MATRIX
(STSEC)

REACTION EQUATIONS (STSEC)

dNRP 31j

IIILII NRCSEC
SIZE LIMITATIONS:

NRA(RtA +) + NRA X NK < 9500

(NRA+ 1)X NRA 4 16000

NRJSEC4 10

NRA >0
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DEFSOL MATRIX STORAGE DIAGRAM

MATRIX STORAGE AREA

STRIX STSEC

SECTION

FINAL MATRIX OF STRUCTURE

2

FORM REACTION EQUATIONS
LOCATE REACTIONS (STORE ON TAPE A4)

3
K FKN MATRIX ._L NRA "IF.

4 c CONDENSED MATRIX

MATRIX INVERSION
(MAVERT) NRA(NRA+I)/2 + NRA X NK< 9500

NRA 2  16000

SOLUTION INVERTED MATRIX

U K 1 Fc

CU

SOLUTION

"119
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IC. COMPUITE MATRIX SIZE
AND CHECK RESTRICTK)I IS

I
NRP -3 NJT
NRA - NRP- NRCSEC

95 -NRA X(NRA+2 +IV2
+ NRA X NK

+0,

116000 -NRA X(NRA +1)

0
+

PRINT ERROR: SIZE
0 LIMITATIONS ARE

EXCEEDED

CONTINIA 

s-oý

2. FORM REACTION MATRX
SEE EFFRIX SECTION 2

RceNTINu/IA
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CHAPTER I

INTRODUCTION

An analysis of a structure is a determination of its deflections, reactions and internal

stresses under load. For purposes of STAIR, a structure is defined as a three-dimensional sys-

tem of prismatic bars, connected at frictionless pin joints and supported in a stable position by

reactions. The only external loading considered is a system of concentrated forces applied to
the joints. When the number of joints making up such a framework becomes large, the conven-

tional methods of analysis become too cumbersome for slide rule or desk calculator solutions,

and a high-speed machine analysis is necessary. If it is necessary to use electronic digital com-

puters, it is desirable to consider less common methods of analysis, which may be more suitable

than conventional procedures for use on a machine.

The stiffness matrix method of analysis, which is the basis of STAIR, is such a method. The
method has two essential steps: (1) the forming of a stiffness matrix for the structure from the

geometric properties of the structure, and (2) the solving of a matrix equation, which is a set of

simultaneous equations formed from selected coefficients of the stiffness matrix and the applied
loads. The set of equations describes the equilibrium of forces at the movable joints in terms

of their unknown displacements. The solution of the equations is a set of displacements, which

can, in turn, be used to solve for the bar stresses and reactions of the structure.

The characteristic of this method that makes it amenable to machine computation is its re-

petitive nature. The form of the stiffness matrix is the same for each member and a stiffness

matrix for a structure is merely the sum of the matrices for the individual members. Solving

a set of simultaneous equations is usually accomplished by means of some sort of algorithm,

which is also a repetitive procedure. A second advantage of this method is its independence of

the degree of redundancy. Additional redundancies do not require more machine time. Finally,

the procedure yields all the joint displacements as the first available result, and, thus, is es-

pecially suited to displacement problems.

The one characteristic of the stiffness matrix method of analysis that is somewhat incon-

venient and which makes it unsatisfactory for use in other than machine computation is the large

number of simultaneous equations that must be handled. In general, there are three unknown

displacements at each joint of a three-dimensional structure; therefore, three equations must

be written at each joint. This becomes an inconvenience, even in machine computation, when

larger structures with more joints are considered. The STAIR procedure has been developed to

break down large structures into small parts because the simultaneous equations required for

large structures do not fit into the available memory space in many computers and, more impor-

tantly, require an excessive amount of computer time if solved by direct methods. This enables

the programmer to remain within the size-time restrictions of the modern computer.

The analysis of any three-dimensional framework by this method depends on the proper com-

bination of nine "Basic Operations" which have been prepared as self-contained computer "sub-

routines." The internal functioning or derivation of these operations need not concern the struc-

tural analyst, but he must have clearly in mind their functions and limitations.

Among the requirements of each subroutine are certain numbers which describe the geometry

of the structure and parameters which are present for a given structure to control the manipula-

tion of geometrical data by the subroutines.

tt



The ANALYSIS PROGRAM described in Chapter 2 in the device for effecting an analysis by

this procedure. It is essentially a list of the names of the necessary subroutines arranged in

proper sequence for a particular structure. Associated with each subroutine is its data and

control parameters. Rigid rules are presented for each subroutine and its data. If these are

followed exactly, it is easy to analyze almost any three-dimensional pin-jointed framework.

In the following chapters, the stiffness matrix method of analysis is explained in some de-

tail, the ANALYSIS PROGRAM is described, the rules for use of the subroutines are listed, the

possible errors and pitfalls are listed for each operation and a sample solution is presented.



I CHAPTER 2

USER'S MANUAL

A. INTRODUCTION

Various techniques exist for analyzingthe structural behavior of a stable, three-dimensional,

pin-jointed framework. Generally, statically determinate structures are analyzed by solving

equations of equilibrium at joints or from cut sections, whereas indeterminate structures require
X the solution of additional simultaneous equations that are related to the redundancies of such

structures.
These methods were developed for hand and slide rule computation; in many cases the re-

sults are at an acceptable level of precision. However, the introduction of high-speed, exter-
nally programmed, electronic computing machines has opened new channels for analysis. In
particular, it has permitted the engineer to use rigorous mathematical models of structures,

which formerly could not be used on large frameworks due to the sheer volume of computations

required.
The STAIR system has been developed to use the stiffness matrix technique, which handles

a structure in terms of the stiffness of its members and the deflections of its joints. This sys-

tem is outlined in Sec. B.
The geometry of a structure is defined as the position and orientation of its joints and mem-

bers relative to some fixed coordinate system, the cross-sectional area and modulus of elasticity
of its members and the location and direction of its reactions. This is a necessary ingredient
in any structural analysis technique.

The size of the core memory of the newest machines, while large, is still the limiting factor

in the size of structure which can be analyzed. Since, in many cases, the structure under con-

sideration may be several times larger than the limits of the memory, STAIR is arranged to
permit the division of the structure into small, internally stable units, which can be partially

analyzed and then combined for a final solution. This ability imposes a definite nomenclature

on the geometrical arrangement of the structure.

The nomenclature used in STAIR is shown in Figs. I and Z. If the structure is small enougil,

it may be considered as a single unit (Fig. 1) and analyzed directly. However, as the number of

joints (and therefore equations) increases, it is necessary to subdivide the structure, as shown

in Fig. 2. It should be noted that STAIR is particularly useful with structures showing a rotational

symmetry around the z-axis. Units are numbered consecutively starting with 01. Joints are

given a four-digit number, the first two being the unit number with which it is identified. Thus,
joint 0112 in Fig. I is the 12th joint in unit 01, and joint 0206 in Fig. 2 is the 6th joint in unit OZ.

To avoid duplication, a joint is given only one number cven though it may appear in two units.
Thus, in Fig. 2, joint 0104 is shown both in unit 01 and unit 02. Bars are designated by eight-

digit numbers, which consist of the numbers of the joints which the bar connects. The joint with

the lower number is listed first by convention. Thus, the bar connecting joints 0104 and 0105
is denoted as 0104-0105. In this case, where the bar is common to two units, the programming

is handled by using one-half of the cross-sectional area in the input of each unit.

The procedure for solving a structure with STAIR is as follows:

1. Load data are prepared for as many cases as desired. The data, including dead load

information, the geometry of the structure and the various live load conditions, are introduced

3



0112 0112

I 011 0111 0112 0111

-o 0111

-, 0110 0110

010I
01 0110 0114

0107 / 0109 0115

0106 01140113

0107 0113 115 0116
0104

t '\
0106 ' 0104 0101 - 0116 0118

A AX 0101

0105 300 0117
3.4641601

0105103,4T ~ 0117 013. 0 1 0 2

01006 6'1 0118
Section B-B

0105 0110 0117

FI " -ý _- •l' I_4 '-"1l'-S

0106 lO102 0118

01042

0106 0102 0118

Section A-A (REFLECTED)

Fig. 1. Example Structure
ermu section area of ban:, 3 sq. in.
elastic modulus- 10,000 kips per sq. in.
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0206 0206

1 2500 0205 0205~
0205 0205

- -.. -,t/ 0204

204, - o

o,.t /o:- -,,

0202 0302

2 U201 02043

1/ 0203 0202 020 0302 00

0104 02010 0301 0300

01.06/ 0104 /0304 % 0305

0105 0105 0305
-,0106 0306

UNIT 2 UUNIT 3

t4 
y

0104 0101 0304 x

0105 ~00
010600206

0103

0105 
- 0305 x

0106 0306
[. 6' 6 ~ ~' 102 L 6

UNIT 1

Fig. 2. Example structure divided into three units.
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into the STAIR Load Program (SLOP); the output of this program is a data tape which serves am

r input to the STAIR ANALYSIS PROGRAM.

2. The ANALYSIS PROGRAM is prepared, listing the various subroutines required for

solution. Geometrical data for the structure are again introduced, including the division of the

structure into smaller units. When possible, units should have identical bar arrangements with

rotational geometric symmetry, since this will reduce input data requirements and computational
time. Loads and reaction joints for these units need not be symmetric.

3. THE ANALYSIS PROGRAM, the geometrical data and the SLOP output tape are intro-

duced to the computer, which will form, modify and solve the stiffness matrices, and then back-

substitute to get the final structural solution. The results of a complete run consist of the joint

displacements, bar stresses, reactions and summation of internal bar forces at each joint for

each loading condition.

In the following sections, a complete program for the example structure of Fig. 2 is set up
and solved on the IBM-7090. Descriptions of the input data and program arrangement and dis-
cussion of the size restrictions are presented at each step. Although the structure used is small

enough to permit solving as a single unit, it has been divided into rotationally symmetric units

to demonstrate the use of the various subroutines.

B. THE STIFFNESS MATRIX METHOD

The stiffness matrix method used in structural analysis is the solution of the force equilib-

rium equations in the form of a matrix equation. The STAIR System is mainly a matrix opera-

tion, such as matrix formation, addition, multiplication, inversion, elimination, etc. When a

final stiffness matrix representing the structure is obtained, it is solved for the joint displace-

ments (U) corresponding to a particular loading condition (F).

A stiffness matrix (K) is a numerical representation of a structure. It relates the joint load

(F) and joint displacement (U) in the form (F) = (K)(U). Consider the bar, 0102-0104, of the

example structure. Figure 3 shows its relation to the xyz coordinate system and the uvw dis-

placement system. Figure 4 shows the bar after it has undergone positive u, v and w displace-

ments. Note that the subscript I refers to joint 0102, and subscript 2 refers to joint 0104.
From Fig. 4,

f = F1 cos '1 = F 1 a fxZ =-fx1

fyl = Fj cos p2 = Figt fy2 =-f (1)

fzi = F1 cos V 3 = F 1 1 fz2 =-f Z!

where fxi' fyl and f z are the x, y and z forces at joint 1 (0102), fx2' fyZ and fzZ are the x, y

and z forces at joint 2 (0104),

a--Ax A A'

are the direction cosines and L is the length of the bar. FI can now be related to the uvw dis-

placements in the following manner:

F I [(u- u.) coin + (v- v.) cosi + (w -w.) cos 931

7
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=AE
F - [(u- u 2 ) a + (vt -v)/ + (w - w2)y]

where A is the cross-sectional area of the bar and E is its modulus of elasticity.

Substitution into Eq. (1) gives

f x = AE/L[a 2 ul + a/3vi + aywi - a u2 - a/3v2 - aywZ I

S= AE/L[a13u 1  + /3 2vi + /3ywi - a/3u 2 - 2 v 2 - Pyw2 ]

f= AE/L[ayuI + 3PyvI + 72 w1 - ayuz - /3v 2 - y 2w 2

fX2 = AE/L[-a 
2 u1 - a/3vi - ayw1 + a 2u 2 + aPv 2 + ayw2 ]

S= AE/L[-a/pu -- P2 ywi + a u 2 + P2v. +
V1 - /3y1 + a/3u + 3V 2 +/vw2 ]

fz2 = AE/Lf-ayul - /3vvi - Y2wi + au2 + /3Yv2 + Y
2 w] . (2)

A convenient way of writing Eq. (2) is to employ matrix notation as follows:

fx1 a 2 a/ ay -a -a/3 -ay

f a3 /t 3 /32 -a/3 -/2 -/3fy v

f2 2
fz a-y /3y 7 -ay -/3v --7

AE (3)

2 2
fx2 -a -a/3 -ay a a/3 ay u2

fyZ -a/p -/32 -/3v a/ /32 y V2

2 2
f --ay -- y -Y ay /3y y

or (f) = (k) (u).

The complete representation of the whole structure or unit can be obtained by superimposing

(f) = (k) • (u) for all bars, giving (F) = (K) • (U) for the whole structure or unit. Then, stiffness

matrices representing adjacent units of a structure may be superimposed to give a stiffness ma-

trix representing a combined structure.

The formation of a stiffness matrix for a new unit, which is rotationally symmetric to an-

other unit, requires only a transformation of the stiffness matrix of the latter unit. The trans-

formation in the present STAIR System is limited to rotation of the plane containing two coordi-

nate axes (the x and y) about the third (the z -axis).

The size of the stiffness matrix for a unit or combination of units can be reduced by elim-

inating from the equation (F) = (K) (U) joints which are not part of units yet to be considered.



The new matrix will represent the same structure as the original matrix. This operation,

which amounts to the partitioning of the original stiffness matrix, is equivalent to the elimina-
tion process used to reduce the number of unknowns in a set of simultaneous equations such as

Eq. (2), and is referred to as "Elimination." The new matrix is called an "Effective Matrix."

To illustrate the elimination process consider the force-displacement equation for unit 01

in Fig. 2:

SF0101 U010t

SF0102 U0t02

F 0103 U0 1 0 3

F 0 1 0 4  U0104

F 01 0 5  5 K (4)

F 0 1 0 6  U0106

F 0 3 0 4  U0 3 0 4

F 0 3 0 5  U0 3 0 5

F 0 3 0 6  U0 3 0 6

where F and U represent three components of joint force and joint displacement, respectively.

CI Displacements U0 101, U0 0 2 and U0 1 0 3 are now eliminated from the equations (these are at the

joints not common to other units) and Eq. (4) is reduced to

-Fbio4  O4[

Fbi 0  ji.(5)
FO104 [ U0304

F030S [U 030 5

FO6306  U0306

The original matrix (K) of size 27 x 27 is thus reduced to the effective matrix (Ke) of size 18 X 18.
During this process, the force vector F is also modified to F'. The details of this modification

are described in Chapter 4.
A similar effective matrix can be formed for unit 2 and superimposed on that for unit 1. The

resulting matrix represents the structure shown in Fig. 5. At this point, the fact that displace-
ments Y0106 and z0 1 0 6 must equal zero is taken into account by discarding the columns and rows

in the matrix corresponding to these displacements. The matrix for the two-unit combination is

911



then 25 X 25. The displacements at joints 0105 and 0104 and the remaining displacement at 0106

are now eliminated, leaving an effective 18 X IS matrix.

Finally, the effective matrix for unit 3 is superimposed. This does not increase the size of
the matrix since no new joints are introduced. Joints 0204, 0205 and 0206 are now eliminated
leaving a 9 × 9 matrix. The displacements at joint 0306 are all zero and the corresponding terms

in the matrix may be discarded. This leaves only a 6 X 6 matrix, which is finally solved for the

displacements at joints 0304 and 0305.
By the simple process of substitution, all other displacements may be determined. Having

displacements, all bar stregses and reactions are easily obtained.
In comparison to the method described above, a direct solution without subdivision of the

structure would have required the solution of 48 simultaneous equations. The great advantage

of the method is now obvious when applied to large structures having many joints.

Fig. 5.

0105 Unit1

0106
C. INPUT DATA

It is desirable to prepare the input data on format input data sheets before punching them

onto cards. The restrictions of the STAIR ANALYSIS PROGRAM and the items of data required

for each step of a problem are listed and discussed in the following sections.
Two decks of cards have to be prepared for the STAIR System: a structural data deck and

a load data deck. These decks are handled differently during the running of the problem.

The structural data deck is input directly to the STAIR System. This deck begins with a

block of cards punched from an "Initial Data Sheet." Subsequent blocks of cards correspond to

consecutive steps in the ANALYSIS PROGRAM; the first card of each block calls the routine

which executes the step, and the following cards provide the data needed for the execution.

The load data deck is input to the STAIR Load Program (SLOP). This program, which must

be run before the ANALYSIS PROGRAM, receives and/or computes concentrated joint loads for

various types of loading on the structure. The loads are assembled into groups of loads applied
to individual units of the structure. SLOP is stored on tape for use by the STAIR System.

Each item of data entered on the format sheets is either an integer number (such as a quan-

tity of joints or bars) or a fixed number (e.g., a joint coordinate or a bar area). The format

sheets prescribe a field for each item of data. A field is the maximum number of characters

an item may contain.

Integer numbers are always entered at the right of their field and are never written with a

decimal point. Fixed numbers may be entered in one of two ways: with or without a decimal

point. If the decimal point is specified as a character in the item of data, the number may be

written anywhere within its field. If the decimal point is omitted, the number must be positioned

about the dashed line in its field, with the fractional part to the right of the dashed line. The lo-

cation of dashed lines is written into the machine program as indicated on the data sheets con-

tained herein. If there is no dashed line in the field of a fixed number, it may be assumed at

the right of the field.
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Minus signs must always be specified for negative numbers and must always be written im-

mediately before the first nonzero digit in the field. Plus signs need not be written, since any

unsigned number is assumed positive.

The following examples illustrate these points:

Integer Number Format Sheet Read by Computer

I* +t

f1 +1000

Fixed Number 1 +1.0

1 +100.0
1. 0 +1.0

- 1 -1.0

S- . 5 -1.5

1 5 +I.5

t 5 +1.5

is the field for the particular items whose maximum number of characters is four.

D. INPUT DATA FOR THE STAIR LOAD PROGRAM (SLOP)

The STAIR Load Program (SLOP) is written independently of the STAIR System. It enables

one to analyze a structure subjected to more than one loading condition without repeating the com-

plete process. The input data of SLOP is stored on tape and is ready to be called for analysis

by the STAIR System. The data sheets, which are prepared by the structural analyst, are given

on pp. 14 to 29.

Two types (INTP)t of loading are assembled by SLOP:

Type (1) - automatically computed joint loads, e.g., dead load,

Type (Z) - manual input joint loads, e.g., live load.

Each loading condition may be Type (1) or Type (2) or a combination of both types. Each

condition is identified by an NLD (loading condition number); if the same NLD number is given

for both a dead and a live load condition, the analysis will be made for the combined effect of

these loads. For example, on pp. 19 and 20, NLD = Z is a combined dead and live condition, and

NLD = 3 or 4 are conditions of live load only.

Loading condition Type (1) may be computed by SLOP for any orientation of the structure;

the direction of the pull of gravity with respect to the coordinate system of the structure is spec-

ified by Gx, Gy and Gz, the direction cosines of the gravity vector. The coordinates of the cen-

ter of gravity and the total weight of the structure are output from each dead load computation.

The computed joint dead loads are stored on tape for the STAIR System.

The input data is composed of four groups of cards:

1. Initial data (refer to sheet A, p. 14).

Z. Structural data (refer to sheet B, pp. 15 to 17).
3. Loading data (refer to sheet C, pp.18 to 22).

(a) Dead load
(b) Live load

tSee Loading Data, pp.I8 to ZZ.

titU
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4. Write-tape data (refer to sheet D, p. 23).

BARSOL data and some of the STRIX data can be obtained by duplicating the input data of

Group 2 in the SLOP System. SLOP is stored on tape separately from the STAIR System, and

structural data are required for dead load calculation and live load assembly; therefore, this

input data must be repeated.

Initial Data (sheet A, p. IA)

(a) Identification problem number (IDP), for example, 200.

(b) Number of different loading conditions to which the structure is
subjected (NK).

(c) Number of units into which the structure is divided (NUT).

(d) Number of total joints in the structure (NJT).*

(e) Number of total bars in the structure (NBAR).*
(f) Number of joints prefixed with each unit number (IUADR).t For

example, each unit of the example structure in Fig. 2 has 9 joints,
but only 6 joints are prefixed with the unit number, i.e., for unit 01,
joints 0101 to 0106.

NUT

(IUADR)i = Total number of joints in structure
i=i

Structural Data (sheet B, pp. 15 to 17)

(a) Joint card.
(b) Bar card.

Loading Data

Dead Load (sheet C, p. 18).

(a) INTP = 1. INTP is used to distinguish the following three blocks
of cards: INTP = I for dead load input block; INTP = 2 for live
load block; and INTP = 3 for write-tape input block, i.e., this
instructs the computer to write loads on tape in the order listed
on the cards.

(b) Loading condition number (NLD).

(c) Density of material used for the structure (DENS), in lbs. per cu. ft.

(d) Direction cosines of the pull of gravity relative to the coordinate
system used for structure (Gx, Gy and Gz).

Note: Items (a), (b), (c) and (d) are repeated for each loading con-
dition containing dead load.

Live Load (sheet C, pp. 20 to 22).

(a) INTP = 2.
(b) Loading condition number (NLD).

(c) Total number of joints loaded (NJLD).

*This is used to read in the correct number of joints and bars. NJT and NEAR can be zero if
no dead load calculations are to be made.

tJoints are always consecutively numbered by the computer. However, if the programmer num-
bers joints 0101, 0103, 0105, 0107, then IUADR = 7, not 4. The displacement of joints 0102,
0104 and 0106 will all be zero.

12



(d) Joint number with its joint load in components (Jt. No., Fx, Fy
and Fz).

( Note: Items (a), (b), (c) and (d) are repeated for each loading con-
dition containing live load.

Write-Tape Data (sheet D, p. 23)

(a) INTP = 3.
(b) Unit number of a unit (NUCK).

(c) Number of joints in the unit (NJU).

(d) Joint card giving the joint numbers contained in the unit in row
sequence. Make sure the joint numbers are in the same se-
quence as the joint numbers in STRIX.

Note: Item (a) is used once, whereas items (b), (c) and (d) are
repeated for each unit. List all units of the structure in
sequence.

Size Restrictions

NK = number of loadings.

NUT = number of units.

NJT = total number of joints where a dead load is to be
computed.

NJU = number of joints in any unit.

NB = number of bars input in this step.
IUAT = total number of joints in structure.

(a) NUT< 99.

(b) NB < 1800.*

(c) NJT < 800.J

(d) 3 x IUAT x NK < 19000.

(e) 3 X NJU X NK < 2000.

Output: Dead Load Computation

(a) Coordinates of center of gravity.

(b) Total weight of structure.

Notes: 1. These outputs should be the same for any orientation
of the structure, unless the density is changed.

2. The joint loads are assembled on tape A8 in binary
form for input to STAIR.

3. If Sense Switch 3 on the computer console is down,
the joint loads assembled by the program are stored
on the output tape (BZ) for listing (print out).

A listing of the input deck for SLOP for this problem can be found on p. 25. The on-line

print out and the output of the SLOP are shown in pp. 27 to 29.

*NB is a restriction on the number of bars whose weight can be calculated in any one SLOP run.
It only applies if gravity loads are to be computed.

tNJT is a restriction on the number of joint coordinates that can be stored for any one SLOP run.
It only applies if gravity loads are to be computed.
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SLOP INPUT DATA SHEET 'A'
INITIAL DATA

PROBLEM 0OO PAGE

618 0 11 181 PUNCH ONE LINE
I8I I PER CARD0cO40310, 1/ 0

IDP NKUT NJT NUAR1 (16, 212, 24)

21 41 6 811112. 14 h -6

IUADR IN SEQUENCE OF UNIT NUMBER
(1012)
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SLOP INPUT DATA SHEET 'B'
P L STRUCTURAL DATA I
PROBLEM ?OO PAGE '41

II

+1 1

C w::
M.

S; . o- -

I-OO

I'S



SLOP INPUT DATA SHEET 'S'
STRUCTURAL DATA II

PROBLEM O PAGEJ41

LIST BAR NUMBERS OF THESTRUCTURE (35, F12.6) PUNCH ONE LINE
PER CARD-BAR NUMBER AREA (SQ. IN)

1 213141516 7 8,911011112114151I11819 - 1b

LI

A .L

-A A - I

nLAL-A .I

-A. IA 4

A . 2 A 9

-O Q3 .I

- I

A 2A I

0 JAL 40 UNES

16

- r •



SLOP INPUT DATA SHEET '1'
STRUCTURAL DATA IIPROBLEMZ OO PAGE /l

LIST BAR NUMBERS OF THE
STRUCTURE (215, F12.6) PUNCH ONE LINE

i PER CARD
BAR NUMBER AREA (SQ. IN)

1 2 13 4 56 7 8 9 .0 11.12111415 1Q117181Pb0 b192

-nJo 4l - a 5z-AL@ -- t v

- AL. a -L6--1 .

-. 11IL A-A -A

- tufeAA II

&01 &1K. a.l. --A J a La A .A 21

-A . - -- AJ AL.- A - --A&
-AA -I -l

I ,,0 -

o..I I -Jt-,11

---------------------.4'I

0I
I1



SLOP INPUT DATA SHEET 'C'

PAGE 5/ag

'0
m

uN

0 0

i --S

(0

--. S

180

18-



SLOP INPUT DATA SHEET 'Co

r• __PAGE /

C. F

0N

Ic

-4 - 1

1 9
I I I



SLOP INPUT DATA SHEET C'

LOADING DATA! ~CASE#-?, (shJ oF,.€).

PROBLEM 206 PAGE 7/#

1i - - -1 - - -1 L - . ..... .

IL - -

Kraz

U4-

4:.

of c

20

I



SLOP INPUT DATA SHEET 'C

LOADING DATA

CASE tj (Sh 'o"f)

PROBLEM ,ZO0 PAGE 8/11

z

Iwo.

(A 0 t7+

l4



SLOP INPUT DATA SHEET VC'
LOADING DATA

CASE 04 (Sh 5" of")

PROBLEM 0 PAGE -//

• 1%

v -zz

z r

u sW .N_ R1 4 1

- - --

l--

1 -

Z2



SLOP WRITE-TAPE INPUT DATA SHEET D

PROBLEM ,06 PAGE ,10

1I neede only once at PUNCH ONE LINE

beginning of this PER CARD
IT operation 

(1

C ~~INTP (i

24

4 (212)
uckNJU (715)

I -.1 L

2 4
21 41(212)

Nuck NJU

(715)

*l 4C .e * 
ke

NOTE: ORDER OF THE JOINTS MUST BE THE SAME
AS IN STRIX

23



SLOP WRITE-TAPE INPUT DATA SHEET D

PROBLEM Z oo PAGE

e ly once at PUNCH ONE LINE1beginning of this PER CARD
operation (11)

INTP

2 4
(212)

NuckNJU (715)

21 41
o. (212)

Nuck NJU
(715)

21341 16 7 191012 lao 11561789201 2121 24. 25o 2o721930 13213IM35

A - L 9 X -. 9.3 at A A A & a

NOTE: ORDER OF THE JOINTS MUST BE THE SAME
AS IN STRIX
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200040300180054
60606
101 00 00 0
102 00 -3464102 20
103 00 -3464102 -20
104 -60 00 00
105 -120 -3464102 -20
106 -120 -3464102 20
201 -30 5196152 00
202 -60 6928203 20
203 -60 6928203 -20
204 00 10392305 00
205 00 17320508 -20
206 00 17320508 20
301 30 5196152 00
302 60 6928203 20
303 60 6928203 -20
304 60 00 00
305 120 -3464102 -20
306 120 -3464102 20
0101 0102 30
0101 0103 30
0101 0104 30
0101 0304 30
0102 0103 30
0102 0104 30
0102 0105 30
0102 0106 30
0102 0304 30
0102 0306 30
0103 0104 30
0103 0105 30
0103 0304 30
0103 0305 30
0103 0306 30
0104 0105 30
0104 0106 30
0104 0201 30
0104 0202 30
0104 0203 30
0105 0106 30
0105 0203 30
0106 0203 30
0106 0202 30
0201 0202 30
0201 0203 30
0201 0204 30
0202 0203 30
0202 0204 30
0202 0205 30
0202 0206 30
0203 0204 30
0203 0205 30
0204 0205 30
0204 0206 30
0204 0301 30
0204 0302 30
0204 0303 30

S0205 0206 30
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2025 0303 30
0206 0302 30
0206 0303 30
0301 0302 30
0301 0304 30
0301 0303 30
0302 0303 30
0302 0304 30
0302 0305 30
0302 0306 30
0303 0304 30
0303 0305 30
0304 0305 30S0304 0306 30

!0305 0306 30

101
1700 0 -1 0

102
1700 0 -1 0

202
0002
202 5 0 75
303 5 0 -75

203
0005
103 0 -5 0
202 5 0 0
204 0 -10 0
206 0 0 -75
303 5 0 1

204
0001
101 1 2 3

3
109
0101 0102 0103 0104 0105 0106 0304
0305 0306
209
0201 0202 0203 0204 0205 0206 0104
0105 0106
309
0301 0302 0303 0304 0305 0306 0204
0205 0206

102
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(

M504 STAIR- SLOP2 LOAD ASSEMBLY FOR PROBLEM 200
FOR INPUT BLOCK Is TOTAL WEIGHT OF STRUCTURE IS 1.536 KIPS
COMPONENTS OF THE GRAVITY VECTOR ARE 06 -1.00000 0.
COORDINATES OF THE CENTER OF GRAVITY ARE 000000 3.46410 -O0.0000
M504 STAIR- SLOP2 LOAD ASSEMBLY FOR PROBLEM 200
FOR INPUT BLOCK 29 TOTAL WEIGHT OF STRUCTURE IS l1536 KIPS
COMPONENTS OF THE GRAVITY VECTOR ARE 0. -1000000 0.
COORDINATES OF THE CENTER OF GRAVITY ARE 0.00000 3@46410 -0.00000
M504 STAIR- SLOP2 LOAD ASSEMBLY FOR PRObLE;4i 2no
COMPLETE

27



M504 STAIR- SLOP2 LOAD ASSEMBLY FOR PROBLEM 200
LOADS FOR UNIT 1, LOADING I

101 0. -0.035417 0.
102 0. -0.104605 0.
103 0. -0.104605 0.
104 0. -0.097868 0.
105 0. -0.084752 0.
106 0. -0.084752 0.
304 0. -0.097868 0.
305 0. -0.084752 0.
306 0. -0.084752 0.

LOROS FOR UNIT 1, LOADING 2
101 0. -0.035417 0.
102 0. -0.104605 0.
103 0. -0.104605 0.
104 0. -0.097868 0.
105 0. -0.084752 0.
106 0. -0.084752 0.
304 0. -0.097868 0.
305 0. -0.084752 0.
306 0. -0.084752 0.

LOADS FOR UNIT 1, LOADING 3
101 0. 0. 0.
102 0. 0. 0.
103 0. -5.000000 0.
104 0. 0. 0.
105 0. 0. 0.
106 0. 0. 0.
304 0. 0. 0.
305 0. 0. 0.
306 0. 0. 0.

LOAOS FOR UNIT 1, LOADING 4
101 1.000000 2.000000 3.000000
102 0. 0. 0.
103 0. 0. 0.
104 0. 0. 0.
105 0. 0. 0.
106 0. 0. 0.
304 0. 0. 0.
305 0. 0. 0.
306 0. 0. O.

LOADS FOR UNIT 2, LOADING 1
201 0. -0.035417 0.
202 0. -0.104605 0.
203 0. -0.104605 0.
204 0. -0.097868 0.
205 0. -0.084752 0.
206 0. -0.084752
104 0. 0. I.
105 0. 0.
106 0. 0. 0.

LOADS FOR UNIT 2, LOADING 2

201 0. -0.035417 0.
202 5.000000 -0.104605 79500000
203 0. -0.104605 0.
204 0. -0.097868 0.
205 0. -0.084752 0.
206 0. -0.084752 0.
104 0. 0. 0.
105 0. 0. 0.
106 0. U. 0.

28
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LOADS FOR UNIT 2, LOADING 3
201 0. 0. 0.

C 202 5.000000 0. 0.

203 0. 0. 0.

204 0. -10.000000 0.

205 0. 0. 0.
206 0. 0. -7.500000
I0,. 0. 0. 0.
105 0. 0. 0.
106 0. 0. 0.

LOADS FOR UNIT 2, LOAOING 4
201 0. 0. 0.

202 0. 0. 0.

203 0. 0. 0.

204 0. 0. 0.

205 0. 0. 0.

206 0. 0. 0.

104 0. 0. 0.

105 0. 0. 0.

106 0. 0. 0.

LOADS FOR ULNIT 3, LOADING 1

.301 0. - 0.035417 O.

302 0. -0.104605 0.

303 0. -0.104605 0.

304 0. 0. 0.

305 0. 0. 0.

.306 0. 0. 0.

204 0. 0. 0.

205 0. 0. 0.

206 0. 0. 0.

LOA0DS FOR UN IT .3, LO:ADIHNG 2

301 0. -0.035417 "•.

302 0. -0.104605 0.

303 5.000000 -0.104605 -7.500000

.304 0. O. 0.

.305 0. O. 0.

306 0. 0. 0.

204 0. 0. 0.

205 0. O. r0.

206 0. •. 0.

LOAD,: FOR IUNIT .- , LOADING 3

30 1 0. 1. *.

302 0i. r0. 0.

303 5.0c00000 0. 1.000000

304 0. 0. 0.

305 0. 0. 0.

306 0. 0. 0.

204 0. 0. 0.

205 0. 0. 0.

206 0. 0. 0.

LOAOS FOR UNIT 3, LOADING 4

.301 0. 0. 0.
302 0. 0. O,

.303 0. 0. O.

304 0. l. 0c.

305 0. 0. O.

306 0. 0. 0.

204 0. 0. 0.

(• 205 0. 0. 0.

206 0. 0. 0.
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E. THE STAIR OPERATIONS

The STAIR System is divided into ten different operations:

Code No. and Name* Operation

I STRIX Forms a stiffness matrix from an input of joint

coordinates, bar areas and elastic modulus.

2 EFFRIX Eliminates a joint or a group of joints from a
stiffness matrix equation and the row sequence

which identifies the stiffness matrix.

3 MATRO Transforms the coordinates of a stiffness matrix to

give a new matrix of another identical unit. This

transformation consists of the rotation of two axes

about the third axis.

4 MADD (Matrix addition)

Superimposes two stiffness matrices: one in the computer

core and the other on tape.

5 MATOUT (Matrix out)

Transfers a matrix from the operating core of the
computer to magnetic tape.

6 MATIN (Matrix in)

Transfers a matrix stored on magnetic tape back into

the core of the computer.

7 DEFSOL (Wlection solution)

Computes joint displacements from a stiffness matrix

which completely represents the structure under a
given set of loading conditions.

8 BARSOL (Bar stress solution)

Computes the stress in any bar from the displacements

of its end.

9 CHECK Sums all the bar forces at each joint in each coordinate

direction.

10 STOP Ends the analysis sequence.

*Whenever an operation is given on a data sheet, both the code number and name
must appear.

Any three-dimensional pin-jointed structure can be analyzed by certain combinations of these

operations. Such an operation sequence is called an ANALYSIS PROGRAM. The particular

ANALYSIS PROGRAM used should perform the required analysis in a minimum of computer time

without exceeding the size limitation on matrices imposed by the computer capacity. The com-

puter time required for each operation is different. For the details of computer time accumula-

tion, an experienced programmer should be consulted.
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The size of a stiffness matrix in operation in limited by the capacity of the computer used.

The size of matrix which represents a structure increases with the square of three times the

number of joints: the largest number of joints which can be handled by an ANALYSIS PROGRAM

at any time in the IBM-7090 computer is 59. This in the main reason for dividing the structure

into units and is also why EFFRIX is used to eliminate the joints (or reduce the size of matrix)

as soon as possible in the ANALYSIS PROGRAM.

Several other parameters are limited in magnitude in the STAIR System. These limitations

are listed in the next section. The STAIR System detects violations of these restrictions and

prints an Indication of the error.

A STAIR ANALYSIS PROGRAM SHEET with a routine to analyze the example structure in

Fig. 2 is presented. This sheet should be completed before the formation of input data for each

step of the analysis. The following symbols are used in this description:

contained in computer core.

contained in tape location - i.

(( )) contained in tape location - 2.

(

0
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Step I - STRIX forms the stiffnew matrix for unit 01 which Is identified

by row seuence 0101 - 0 106 , 0304- 0306.K ~ uniti ]
Step 2- EFFRIX eliminates joints 0101 - 0103 from unit 1.[ eoffective1

SŽunit I

Step 3 - MATOUT transfers the matrix in core to magnetic tape ioc. 1.

~~ effective .. effective
Am i unit 1 unit 1)

Step 4- MATRO transforn the matrix in core into matrix for unit 2.

effective effective

unit 2 un, ( , unit 1)

Step 5 - MADD superimposes the matrix in core and matrix in tape loc. 1.

oeff. unit I effective

eff. unit2_ , unit 1)

Step 6- EFFRIX eliminates joint 0104- 0106 from step 5.

eff. unit 1 effective

*ff. unit 2 , unit 1)
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Step 7 - MATOUT transfers the matrix In core to tape Ioation 2.

off. unit I effective

off. unit2 , unit 1)

off. unit I
off. unit 2))

Step 8- MATIN transfers the matrix in tape location I to the core.

effective effective

unit ,I unit i)

T I /J ]eff. unit 1

efF. unit 2))

Step 9- MATRO transforms the matrix in core into matrix for unit 3.

effective effective

unit3 , (.,e unit I)

eff. unit 1

off. unit 2))
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Step 10 - MADD sperimpoeses the matrix In ewe and Ithe matrix In
location 2 In the row sequtnce 0204 - 206, 0 - 0306.

Leoff. unit I
off. unit 2

*ff. unit 3 effective

eff. unit11

off. unit 2

Stop 11 - EFFRIX eliminates the joint 0204 -0206 from Stop 10. •

oeff. unit I

off. unit 2

off. unit 3

Step 12 - DEFSOL computes the joint displacements of all joints and reactions.

Step 13 - BARSOL computes the bar stresses.

Step 14 - CHECK gives summation of internal forces at each joint.

Step 15 - STOP ends the analysis prograc.

34
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¶ F. INPUT DATA FOR THE STAIR SYSTEM

The input parameters required by each step of the STAIR operations are described below.

The restrictions on the magnitude of these parameters and operations are given where appli-

cable. The formats in which these data parameters are prepared will be illustrated in the fol-

lowing data sheets. Data sheets for each step are arranged in the same order as the example

for the ANALYSIS PROGRAM. The same example structure of Fig. 2 is used.

t Initial Input (refer to data sheet, p. 44)

(a) Problem identification number (IDP).

(b) Number of units into which the given structure is divided (NUT).

(c) Number of different loading conditions to which this given structure
is subjected (NK).

(d) Number of reaction joint.s or supports in structure.

(e) Elastic modulus of bar material E kips per sq. in.
(f) List of reaction joint numbers and the coordinate directions in

which displacement is restricted (1-immovable; 0-free).

Size Restrictions

(a) Number of units < 99.

(b) Number of reaction joints < 125.

(c) Loading conditions < 28.

STRIX (refer to data sheet, p. 45)

(a) Step number in ANALYSIS PROGRAM. It precedes every operation
code, as the 001 on p.45 precedes 01 STRIX, and the 005 precedes
04 MADD on p. 49. It is the first card of a card block cafling the
routine which executes the step as mentioned in the section on input
data. (Step numbers must start at 01 and proceed sequentially to
the end.)

(b) Identification number of thp unit (NUU) to which this STRIX operation
applies. On p. 45 NUU is 01; later, units 02 and 03 will be formed
by MATRO. In case some of the units are not identical, NUU is used
to identify the different STRIX operations for different units when
STRIX is called more than once.

(c) Number of joints in the unit (NJTU).

(d) Number of bars in the unit (NMU).

(e) Joint sequence. This serves as a reminder only, and is not a part
of the input data.

(f) Joint cards giving the joint numbers [see Operation Restriction (b)]
contained in the unit in sequence* and the coordinates of the joints
in feet (reproduced from SLOP).

(g) Bar cards are reproduced from SLOP. Bars which are common to
two units are listed separately for this input (see p. 46).

*The sequence can be of any convenient form, but the joints that are to be eliminated by EFFRIX
must be placed first in the sequence.

35



Size Restrictions

If N = 3x (number of joints in the unit), NK = number of loading conditions.

(a) Nx(N + 1 + N x NK 4 16000 (see table).2

N NK

59 1

58 4

57 7

56 10
55 13

54 17

53 20

52 24

51 27

(b) Number of bars 4 600.

(c) Unit number < total number of units in the structure.

Operation Restrictions

(a) In no case may all the bars meeting at a joint lie in one plane unless
the joint is a reaction joint. If a planar joint exists, a new bar out
of the plane (an imaginary member) may be inserted which will carry
no stress but will allow the analysis to proceed.* The new bar may
connect the planar joint with any other joint not lying in the plane.

(b) If an EFFRIX operation immediately follows STRIX in the sequence
of the ANALYSIS PROGRAM, those joints which are going to be elim-
inated have to be placed first in the row of joint cards. In the ex-
ample, joints 0101, 0102 and 0103 are eliminated by the following
EFFRIX.

EFFRIX (refer to p. 47)

(a) Step number in ANALYSIS PROGRAM.

(b) Number of joints (NE) to be eliminated from the row sequence
established by the previous operation (STRIX or MADD).

Size Restrictions

NE = number of joints to be eliminated.

NJ = number of joints in original row sequence (number
of joints in the unit).

NR = number of reaction joints among joints being eliminated.

NC = number of reaction components acting at the eliminated
reaction joints.

* See p. 4 1 for a more detailed explanation of a planar joint.
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NK = number of different loading conditions.

A = 3NE -NC.

B = 3(NJ-NE).

C = 3NE.

(a) NR < 10.

(b) A(A2 + I + A(B + NK) ý 9500.

(c) A <[C X C - +C xB].

(d) B(B+ I < [C x C+ + C×XB].

MATOUT (refer to p. 47)

(a) Step number.

(b) Tape location (Loc.) in which a matrix is to be stored. Matrices
are stored on tape in blocks. These are numbered consecutively,
the tape location being the number givea to the block.

Operation Restriction

Only one matrix may be stored in a tape location.

MATRO (refer to p. 48)

(a) Step number.

(b) Identification number of new unit (NUN).

(c) Angle through which old unit* must be rotated in the x-y plane to
arrive at the position of the new unit. Angle (EPS) measured in
degrees and positive when clockwise, as viewed by an observer
on the positive z-axis. In the STAIR system, the rotation must
be about the z-axis.

(d) Row sequence of the resulting matrix after rotation [NROW (i)
to NROW (NJT) ].

(e) If the matrix being rotated is a reduced matrix, i.e., some joints
have been eliminated from it by EFFRIX in a previous step, the
inverse matrix corresponding to these eliminated joints is stored
in the secondary matrix storage - then, not otherwise. The new
row sequence of the eliminated joints, i.e., the new row sequence
for the new inverse matrix, is NROSEC (i) to NROSEC (NE).

Size Restriction

(a) New unit number < number of units in the structure.

Operation Restriction

(a) Matrices of identical units from which joints have been eliminated
may be formed by MATRO except when one of the eliminated joints
of the old unit has a corresponding joint in the new unit which is a
reaction joint, or vice-versa.

(b) MATRO can not follow a double EFFRIX sequence.

* Matrix of unit in core.
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MADD (refer to p. 49)

(a) Step number.
(b) Number of joints in the resulting structure (NF) not including those

previously eliminated.
(c) Tape location (Loc.) in which a matrix has been stored by MATOUT.

The matrix in this tape location is superimposed on the matrix in
the computer core by this operation.

(d) List of row sequence of the resulting matrix. Caution should be taken
in setting up the row sequence if EFFRIX is planned to follow the MADD
operation. Those joints which are being eliminated in EFFRIX should
be placed first in the row sequence.

Size Restriction

NF = number of joints in resulting structure.

NA = larger number of joints in either unit being added.
NK = number of loading conditions.

(a) 3NF(3NF + 1)/2 + 3NF X NK < 16000 (see table).

(b) 3NA(3NA + 1)/2 + 3NA X NK < 9500 (see table).
(c) NA < 45.

NF NK NA NK

59 1 45 2

58 4 44 5

57 7 43 8

56 10 42 11
55 13 41 15

54 17 40 18

53 20 39 Z2
52 24 38 25

51 27 37 28

EFFRIX (refer to p. 50, similar to Step Z)

MATOUT (refer to p. 50, similar to Step 3)

MATIN (refer to p. 50)

(a) Step number.

(b) Tape location (Loc.) of the matrix to be read into computer core.

Operation Restriction

None.

MATRO (refer to p. 51, similar to Step 4)

MADD (refer to p. 52, similar to Step 5)

EFFRIX (refer to p. 53, similar to Step 2)
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DEFSOL (refer to p. 54)

(a) Step number.

(b) List of the number of joints which are prefixed by each unit number
(IUADR). For example, there are 9 joints in unit 01, but only 6

t: joints are prefixed by unit number 01. (Notes regarding this in
SLOP apply here also.)

M Size Restrictions

NJ = number of joints in final row sequence.

NR = number of reaction joints among final joints.
NC = number of reaction components among final joints.

NK = number of loading conditions.

NJT = total number of joints in structure.

NRT = total number of reaction joints in structure.

A = 3NJ- NC.

(a) NR 4 10.

(b) A X(A+ 1)/2 +A XNK 9408.

(c) A2 < 16,000.

(d) 4 • NK(NJT + NRT) < 16,000.

Operation Restriction

DEFSOL may be called only when the final matrix of the structure is stored in the computer

core.

Output

(a) Joint displacement (in inches).

(b) Reactions (in kips).

BARSOL (refer to p. 54)

(a) Step number.

(b) Number of bars whose stresses are to be computed (NM).

(c) Number of joints to which the bars listed in (b) are connected (NJ).

(d) List of bar numbers of the bars whose stresses are to be computed
(reproduced from SLOP).

Note: STAIR will compute any desired number of bar stresses by
repeated use of BARSOL.

(e) Joint cards, giving the joint numbers and coordinates. Only those

joints which appear in the list of bar numbers (p, 54) need be in-
cluded (reproduced from SLOP).

Size Restrictions

NK = number of loading conditions.

(a) NJ 4 800.

(b) NM< 1000.

(c) NK X NM <4300.
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Operation Restriction

BARSOL may be called only after the DEFSOL operation.

Output

(a) Bar stresses (kips per sq. in.) for all loading conditions.

CHECK (refer to p. 55)

(a) Step number.

(b) Total number of bars in structure.

(c) Total number of joints in structure.

Size Restriction

None.

Output

Sum of all bar forces at each joint (in kips) for all loading conditions.

STOP (refer to p. 55)

(a) Step number.

Notes on Input Data Units

The above description assumed that the input data are as follows:

Joint coordinates (x, y, z) (in ft)

Bar areas (A) (in sq. in.)

Modulus of elasticity (E) (in kips per sq. in.)

Loads (F) (in kips)

The results are given as follows:

Deflections (in in.)

Reactions (in kips)

Bar stresses (in kips per sq. in.)

Equilibrium check (in kips)

The input data could be in any units, but in such a case, the output would be in terms of the

following units:

The deflections would be in the units of FL , and bar stresses would
be in the units of E.

Reactions would be in terms of F, and equilibrium check in terms of F.

A listing of the input cards for the ANALYSIS PROGRAM is shown on p. 56, and the output from

a successful run for the sample problem is shown on p.59.
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G. STAIR SYSTEM ERROR STOPS

The STAIR system detects several errors, in addition to violation of size restrictions. When

an error is detected, the problem number and the step of the ANALYSIS PROGRAM at which the
error occurs are printed by the computer, as well as a diagnosis of the trouble.

Some error stops may be bypassed by setting Sense Switch I down; this may be necessary

under unusual circumstances, but care should be exercised. Depressing Sense Switch I on the

machine console causes the following error stops to be bypassed:

STRIX error (a) (see below),

SLOP errors (a), (b) and (d) (see below).

In each case, the error diagnosis is printed before the program continues.

Some errors are not caused by mistakes in input, but are machine errors. A common com-

plaint arises from the malfunctioning of the tape units. When machine error is suspected, a

qualified programmer should be consulted before rerunning the problem.

Error diagnoses written by the various STAIR routines are given below.

MISLAM*

A FORTRAN II MISLAM diagnosis indicates a machine error in reading the STAIR system

tape. It may be necessary to rewrite this tape from the binary card deck containing all the

STAIR routines.

CONTROL

(a) Illegal subroutine code used; incorrect data for a preceding step or
a mispunched call card.

(b) Input data file out of order; a wrong step number on a call card or
incorrect data for a preceding step.

(c) Size limitations are exceeded; mistake on data sheet.

(d) Program pause; used for program testing, probably indicates an
illegal subroutine code (see (a) above].

STRIX

(a) The following joints are planar joints; either the wrong coordinate data
are supplied or the bars at the joints listed lie in a plane.t If there is no
load acting normal to the plane of the bars, a new bar may be inserted
which will carry no stress but which will allow the analysis to proceed.

(b) Space limitations have been exceeded; check input parameters.

(c) Joint N i used in a bar number, but is not in the row sequence; check
bar number and row sequence.

(d) Loads can not be found; tape error. (Tape AS should contain the loads.)

*See Chapter 4 for description of MISLAM.

tThe check for a planar joint is performed in the following manner: Let 14 = unit vector in di-
rection of bar 1; L2 = unit vector in direction of bar 2; T, = unit vector in direction of any
other bar. First, the vector product I = l4 X L 2 is executed. If each component of Z is less
than 0.00000t, thebars are considered collinear, and the unit vector associated withthe next bar
is used as LZ to form a new C. Then, the scalar product / t.o/ is executed. If L/'t
0.00001 for every remaining bar, the joint is considered planar.
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EFFmX

(a) Space limitations have been exceeded; check input parameters.

(b) Computer stops without diagnosis; possibly the matrix is singular
(unstable structure). Check the previous STRIX stops for planar joints
now being EFFRIXed.

MATRO

(a) An attempt has been made to rotate the effective matrix of a unit with
internal reaction joints; the ANALYSIS PROGRAM must be changed.
Either the old or the new unit contains reactions at the joints which
were eliminated.

(b) The number of the new unit is wrong; check input to this step and the
total number of units as given in the initial input block.

(c) Loads can not be found; tape error (see STRIX).

MAD

(a) Space limitations have been exceeded; check input parameters.

(b) Joint N is not included in the final row sequence; either the final row
sequence input at this step is wrong, or the row sequence of one of the
matrices being added is wrong.

(c) Matrix on tape can not be found; tape error (check location number).

MATIN or MATOUT

(a) Record group can not be found; tape error.

DEFSOL

(a) Space limitations are exceeded; check input.

(b) No diagnosis; see EFFRIX and previous comments on machine errors.

BARSOL

(a) Space limitations have been exceeded; check input.

(b) Joint coordinate not defined for this bar, the coordinates of one end
of the bar were not supplied, the bar number is illegal or a joint
number in the input or coordinates is illegal. (This error is printed
in the output, but does not stop the program.)

SLOP

(a) Size limitations are exceeded; check input.

(b) Illegal joint numbers or bar numbers (list); error in the input of joint
coordinates, bar numbers, loads or unit row sequences.

(c) Illegal input heading; an input-type code has been read which is not 1,
2 or 3.

(d) Joint list out of consecutive order; row sequence of units is out of order
or joint number is wrong.

Illegal joint numbers in BARSOL and SLOP are detected when the first two digits of a joint

number are zero or greater than the number of units, or when the last two digits are greater

than the number of joints in the unit which contains the joint.
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STAIR ANALYSIS PROGRAM SHEET

PROBLEM 900 ___ PAGE 1/3
Stop opofewef Cm. saiqo Joint$ Unt Top* kah.g. Jehw. Lee'%__

-Y MIqX O/C/- c/r*, C S ____ ____________ _____

e- 14C-Prfe I 0/O f.'-O MC- cj'k C Iv________ _____

AM MA7 9 4/ O/V0'o~ 2t~-C v/,0. -c &

A8 MPri a 0106 0343 os"* f________ _

IL 4f&!Amo drol-oz* ____,___ _____,d
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STAIR INITIAL DATA SHEET

PROBLEM ?' PAGE Z/lJ

PUNCH ONE LINE PER CARD

61 811 13 19I 25

66,01,10,0 030 ,o'od o 1 (6, 212, 13, F12.6)
Problem No. NmofNoo•lNofI E (KIPS p.r sq. in)

IUnits~oods eact.

[4(15, 3]m)1

JOINT XY Z JOINT XYZ JOINT XYZ JOINT XYZ

1 2......617 83 7 2 5- 272 8 ....

32 LINES
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STAIR STRIX DATA SHEET 'A'

PROBLEM Zo PAGE3/i3

S3 0 S 10

No. PUNCH AS FIRST TWO

CARDS OF STEP ONLY

21 4. 7
0(212,13)

NUU Nj ru I NMU'

JOINT CARDS TO BE REPRODUCED (For on.e unit of eoch type)
FROM THE SLOP JOINT CARDS.

THE SEQUENCE OF STRIX CARDS MUST BE AS FOLLOWS FOR THE DESIRED
FORMATION OF THE STIFFNESS MATRIX.

STRIX JOINT CARD SEQUENCE (UNIT J3 I)

JT. NO. JT. NO. JT. NO. JT. NO. JT. NO. IJT. NO. JT. NO.
0 1 0•10 / s 0 1 013o0/ 0141 A/10 T" 4/ 1il 0,S 4
o w_ 13 10 i

I I o
0

LI I z
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STAIR STRIX DATA SHEET '8

PROBLEM ZOO PAGE 4113

Bar numbers of operation STRIX (and of any following STRIX operation) that are common

to adjacent units must hav, new bar cards punched using 1/2 the actual bar area. All

other bar numbers of a STRIX operation can use reproduced bar cards taken from the

SLOP deck.

COMMON BARS

BAR NUMBER 1/2 AREA (SQ. IN.) (25, F 12.6)

1 2 3 45 6718 19110 11123 415 617IS19 2122

q.0- 1 ~ 7 0106 1 1- 1 /is" PUNCH ONE
A-L 4..o -A #- - LINE PER CARD

J02 ~ ~ JL/ Dg(

--------- The order of
----- i---- -STRlX bar cards

.i....-~-is immaterial

~--- ----
-- ~3 LINES--
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STAIR EFFRIX DATA SHEET

t PROBLEMZ 0 0 PAGE 1/,3

PUNCH ONE LINE PER CARD51 111,l
0:O21OEl F1FlFRI F X (13,12, 6H)

Stop NcllOperationl

2
(12)

- - NE

STAIR MATOUT DATA SHEET
PROBLEM,?O O PAGE /

31 51 1iJ
1oO310,5[MA, T:OIu, TT 013,12, 6H)

stop oprtion PUNCH ONE LINE PER CARD

0(2)

STAIR MATIN DATA SHEET
PROBLEM PAGE /

PUNCH ONE LINE PER CARD

T I (13,12,6H)
Step N OperatSon

L (12)
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STAIR MATRO DATA SHEET
PROBLEM • 80 PAGE '/ij

PUNCH ONE LINE PER CARD
31 51 1),

o:06410131IMA; T; R' (13,12, 6H)
Stop NJt I Operation 1

2 51, , 12
•,l 2 Iii j (12, F10.7)NUNI EPS

(715)

5a 10. 15, 20, 25 30, 35,

NROW- Row sequence for the resulting matrix NROW (1)
to NROW (NJ T)

(715)
51 5Q1 20 25 A 3035

NROSEC - Row sequence for the new inverse matrix

NROSEC (1) to NROSEC (NE)
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STAIR MADD DATA SHEET

C PROBLEM Z O PAGE 7/13

PUNCH ONE LINE PER CARD

31 51 1I

o0#i'SIoMAIDiODiE 1 (13, 12, 6H)
Stop No• Operation

21 4
g:101 (212)
NF I Loc.l

(715)

51~ 01e151 2d5 3 5

List row sequence of resulting matrix. Punch row-wise one
line per card.
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STAIR EFFRIX DATA SHEET

PROBLEM Zo O PAGE 8/ij

PUNCH ONE LINE PER CARD

_O,&JJ 0,121EC FIF R, I XI (13, 12, 6H)
Step N Oprtion

4 E2 (12)
NE

STAIR MATOUT DATA SHEET
PROBLEM • 0 ( PAGE /

Aal , ,5IMA, T OU IT (13, 12, 6H)
Step No Operation PUNCH ONE LINE PER CARD

(12)

STAIR MATIN DATA SHEET
PROBLEM ZOO PAGE /

31 51PUNCH ONE LINE PER CARD

0 j0 6j M:A'Alt4jIjJ•j (13,12,6H)
Step N i 1 Operation

2
(12)

Loc

so



STAIR MATRO DATA SHEET"+PROBLEM O O PAGE /•

PUNCH ONE LINE PER CARD
S31 51 11!

O0: 3J /3•f TRIM T (13,12, 61H)("StopNJ Operatin

1 21 (12, F10.7)

(715)

5a 10. 15 20, 25, 30, 35ý25

NROW- Row sequence for the resulting matrix NROW (1)

to NROW (NJ T)

(715)
5 25 30 35

NROSEC - Row sequence for the new inverse matrix

NROSEC (1) to IJROSEC (NE)
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STAIR MADD DATA SHEET

PROBLEM PAGE I%3

PUNCH ONE LINE PER CARD

3• Si III
•I0 I0,'14IA! D D iI (13, 12, 6H)

Stop No Operation

21 41S1 (212)

(715)

5 1

-~~~~~~ It--------- - - - - 2 3

List row sequence of resulting matrix. Punch row-wise one
line per card.
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STAIR EFFRIX DATA SHEET

f PROBLEMO 0 PAGE 11/13

PUNCH ONE LINE PER CARD

F u I RI I X (3,12,6H)
Step Nc Opeation

S2

o (12)
NE

STAIR MATOUT DATA SHEET
PROBLF.M PAGE

3 51 11

,,0 50,MA TA, 1 UT 03,12,6H)
Step No Operation PUNCH ONE LINE PER CARD

(12)

STAIR MATIN DATA SHEET
PROBLEM PAGE

PUNCH ONE LINE PER CARD

S , t IeMAi T I (13,12,6H)Stpt I °Operatio
2

(12)
oc 1
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STAIR DEFSOL DATA SHEET

PROBLEM 76 0 PAGE 12/1,3

PUNCH ONE LINE PER CARD

31 11
di 1!210 17 IDIE :F ;SIlL (13,12,6H)
Step No. I I Operation

List number of joints which are prefixed with a
unit. List them in sequence of units.

Punch row-wise, on* line per card.

21 41 6 81 101 121! 14 . *'* 1

STAIR BARSOL DATA SHEET

PROBLEM Ro0 PAGE /

"3 11 PUNCH ONE LINE PER CARD

0 B A1 RS ,RL (13,12,61-1)

Step N. Oprlien

41 1 1t I(215)

No.of Bere Ne. of Ats.

BARSOL joint and bar cards to be reproduced from the
SLOPcards. The order of cards is immaterial, except
area cards must come before the geometry cards.
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STAIR CHECK DATA SHEET

S PROBLEM ZOO PAGE 13/13

PUNCH ONE LINE PER CARD
351 1

0,,4 0o9 CH, Elc,K! (13, 12, 6H)
Step Nd. i Operation

010 ls!41oZ al/A8
Noof Bars I Noof JTS

STAIR STOP DATA SHEET

PROBLEM ZOO PAGE

PUNCH ONE LINE PER CARD
31 5

4 gilIr11101S:T:tel IJ (13, 12, 6H)
SStop NoJ I Operation



*002000304003 100000
0106011 0305010 0306111

OGIOISrRIX
8119821
101 00 00 00,
10? 00 -3464102 20
103 00 -A464102 -20
10. -60 00 00
105 -120 -3464102 -20
106 -120 -3468102 20
306 60 00 00
305 120 -1464102 -20
506 120 -3•6.102 20
0101 0102 30
0101 0103 30
0101 0101 30
0101 k030 30
0102 0103 3a
0102 0104 316
0102 0105 30
0102 0106 30
0102 0304 30
0102 0306 30
0103 0104 30
0105 0105 30
0103 0304 30
0103 0305 30
0103 0306 37
0108 0105 It
0104 0106 Is
0IBS 05 06 I0
0301 0305 15
030' 0326 15
030S 0306 Is

IO202EFFRIX
03
8*3OSMATOUT
@I
I6064MATRO
121200

0291 0205 0206 0104 0105 0106
0201 0202 0203

90501MAOD
3901
9l14 0105 0106 020. 0205 0206 0308
03S 0306

*I6g2EFFRI.X
93
800SMAlTOUT
32
09S86MATIN
31
"l3983MArRO
132410

1331 0305 0306 1204 0205 0206
6331 0302 0303

I1II4MAOD
3612
920. B205 3206 0301. 0305 0106
911J2EFFRIX
63
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I12ITDEFSOL
860686
0130ISARSOL
85400aIa

0101 4102 30
0101 0103 30
0101 01014 3
0101 03014 3A
0112 0103 30
0112 0101 4
0102 0125 30
0112 0106 3h
0102 0304 30
0102 0306 30
013 01014 30
01l 0105 30
105 03014 30

0113 0305 .0
0113 0306 30
0194 010. 30
0104 0106 30
0104 0201 30
0101 0202 30
0201 0204 30
0202 0203 30
0202 0204 30
0282 0205 30
0203 0204 30
0203 0215 3
02014 0205 316
02011 0206 30
"01204 0301 36
0204 0302 i0
2014 0303 so

1205 0206 30
020S 0303 30
0206 0302 30
0206 0303 30
1301 0302 33
0301 0303 31
0301 0304 30
0302 0303 30
0104 0203 30
Ills 0106 30
#IR5 0213 30
#16 0203 30
0106 0212 30
1211 0202 30
0211 0203 3U
1312 0301 30
3032 1305 30

1302 0316 30
6385 0304 30
03363 639135
1384 figs 30
6334 0306 30
1305 1316 3a
6212 6206 30J161 as of
"112 of -31464102
113 Be -M1614162

57



1I01 -60 160 00
165 -120 -3464102 -20
136 -120 -s1.b4l 20
201 -30 ,196152 U
202 -60 6928203 20
203 -60 6978201 -20
235 00 10392305 00
205 00 11320508 -20
206 00 17320S08 20
301 30 5196152 op
302 60 692d203 20
303 60 6928203 -20
350 60 r I
M5s 120 -3564102 -20
336 120 -3464102 20

91I409CHECK
11550018
OISIOSTOP
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I 1STRIX
1 ISTRIX
2 2EFFRIX
2 2EFFRIX
3 SNATOLT
3 SNATOLT
4 3NATRC
4 3NATAC
S 4NADD
S 4PAOD
6 2EFFRIX
6 2EFFRIX
7 SMATOCT
7 SMATOUT
8 6MATIN
6 6PATIN
9 3NATRC
9 3MATRC

10 4PADD
It 4PAOD
11 2EFFRIX
11 2EFFRIX
12 7CEFSCL
PtI4, STAIR PROBLEP NUMBER 29f
DISPLACEMENTS FOR LOADING CONDITION I FOLLOW
JOINT 1l1 Us -6.61163 V' -3.10757 We -1.00478
JOINT 112 Us -1.11149 Va -1.11486 We -1.11115
JOINT 113 U- 1.11181 Vs -1.11128 W- -3.01113
JOINT 114 U- -1.11312 V- -l.gl718 We -1.00594
JOINT 115 U- 1.81132 V" -0.o1095 We -0.o1038
JOINT 116 Us -1.10227 Va I. W" i.
JOINT 211 Us -9.11067 Vs -1.01636 Wa -0.01248
JOINT 212 Us -0.10343 V- -I.91278 We -1011968
JOINT 213 Us .101151 V- -. 011115 We -1.11983
JOINT 214 U- -101311 Va -10.1457 We -0.11911
JOINT 215 U- -30.1362 V- -3.31731 W- -1.12855
JOINT 206 Us -1.11555 V- -1.11184 W- -1.12845
JOINT 331 U- -3.13296 Va -9.83499 W- -3.31132
JOINT 312 Us -3.10593 Vu -1.01283 We -I0.0871
JOINT 303 Us -goI.399 V- -3.33552 Wa -0.10886
JOINT 384 U- -9.#9124 Va -01.1434 W- -10.0363
JOINT 335 U- 1.18259 Va I. W- -I.3118
JOINT 316 Us R. Va 3. We I.
DISPLACEMENTS FOR LOADING CONDITION 2 FOLLOW
JOINT 101 Us 0.14125 V- 3.07775 We -1.10822
JOINT 112 Us 8.33816 Vs 0.04431 Wa -10.6621
JOINT 113 Us 0.12154 Va 0.11119 W -9.106606
JOINT 114 U- 3.33686 Ve .038356 We 30.2535
JOINT 113 Us .131594 Va 1.14911 We -g0g3l1*
JOINT 116 Ua 1.96959 V" 0. w- a.
JOINT 211 Us 3.13131 Va 3.05624 We 3.*5196
JOINT 232 U- 3.3T599 Ve -3.39279 We 1.59234
JOINT 233 U- -f.14241 Vs 1.24828 We 3.56458
JOINT 234 Us 3.11611 Va 30.5625 We 3012545
JOINT 215 Us 13.4568 Va 1017683 We 0.27977
JOINT 216 Us 3.16631 Ve 3.12153 We 1.27511
JOINT 301 Us 3011675 Ve 3.96811 We 3.31839
JOINT 332 Us Se19593 Ve 0096421 We -0910191
JOINT 393 Us 9.39#25 Vo 3.05631 We -ollS25
JOINT 314 Us 3.34564 Ve 3.3S633 Wa -3.34179
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JOINT 315 Us 3.32387 Vu 0. Wa -0.0.437
JOINT 316 Us 0. Vu *. Wa 3.
DISPLACEPENTS FOR LOADING CONDITION 3 FOLLOW
JOINT 11 U- 1.17499 Va -3.21124 Wa -0.58733
JOINT 132 Us 1.19135 Va 0.04738 We -3.13938
JOINT 133 U- 0.14428 V. -0.46726 W- -9.14390
JOINT 114 U- 3.17785 V- -0.27625 We -0.61152
JOINT 115 Us 0.19329 Ve -0.62862 WN -0.00624
JOINT 136 U 10.19899 Va 0. N- 0.
JOINT 211 U- 9.15223 Va -0.24695 W- -1.38978
JOINT 212 U- 3.18947 Va -0.31189 W- -1.53744
JOINT 213 U- -8.02268 V- -0.54974 WN -1.53968
JOINT 214 U. -0.13454 V- -0.18237 We -2.12217
JOINT 215 Us -0.16851 Va -0.49313 W- -3.23124
JOINT 236 U- -3.23161 V. 3.15573 W- -3.23334
JOINT 311 Us 3.14369 V. -0.13110 W" -1.33952
JOINT 312 Us -9.22301 V- 0.05935 W" -1.10891
JOINT 313 U. 3.25358 Va -0.24016 Wa -1.11477
JOINT 324 Us 30.7214 Va -1.11511 We -B.51181
JOINT 315 U- 1.28471 V- 6. We -0.00784
JOINT 336 Us 0. Va a. Wa 0.
DISPLACEMENTS FOR LOADING CONDITION 4 FOLLOW
JOINT 111 Us -0.12514 V- 0.03448 W- 0.11131
JOINT 132 Us -3.13785 V- -10.1170 W- 3.02543
JOINT 113 U- -. 101281 Va 0.07615 W- 0.02583
JOINT 114 U- -1.11923 Va 0.02744 Wa 0.07886
JOINT 115 U" -1.11398 Va 8.85134 Wa 3.38127
JOINT 136 U- -1.11119 V- 0. W" 0.
JOINT 201 Us -1.13351 Va 0.02267 W" 0.11771
JOINT 212 U- -1.11529 V- 0.01851 Wa 0.12555
JOINT 213 Us 0.18221 V- 0.94171 We 1.12564
JOINT 214 Us 3.13604 Va 0.01570 We 0.15656
JOINT 215 U- 0.81374 Va 9.03230 We 0.23789
JOINT 206 Us 3.11927 Va -0.33131 We 0.21753
JOINT 311 U•- 30.481 V- 3.31655 Wa 1.11244
JOINT 332 Us 3.12742 Va 0.00824 Wa 3.08451
JOINT 313 Us -9.11476 V" 0.31766 We 0.08521
JOINT 364 Us -3.13324 Va 0.91437 Wa 3.36831
JOINT 335 Us -1.12757 Vu 9. Wa 00.0149
JOINT 336 Us I. V D. Wae 3.
REACTIONS FOR LOADING CONDITION I FOLLOW
JOINT 136 RXa 0. Rya 9.76819 RZ- 0.81100
JOINT 315 RX. I. Rya 0.76810 RZ- 00
JOINT 316 RX" 3.30933 Ry. -1.30089 RZi 1.30001
REACTIONS FOR LOADING CONDITION 2 FOLLOW
JOINT 116 RXm S. RY- -3.56212 RZi -2.91667
JOINT 315 R3M 0. RYu 3.76795 RZa 3.
JOINT 316 RXa -15.81989 RYa 4.33018 RZ- 2.91666
REACTIONS FOR LCADING CONDITION 3 FOLLOW
JOINT 116 RX3 3. RY- 3.16988 RZ- 4.33339
JOINT 315 RXe 3. RVa 46.37354 RZ- 0.
JOINT 336 RXu -9.99999 RY. -34.54341 RZ- 2.16672
REACTIONS FOR LOADING CONDITION 4 FOLLOW
JOINT 116 RX3 S. RYV -1.14434 RZ- -1.41667
JOINT 315 RX- 0. RY- -3.59811 RZ- 3.
JOINT 316 RXa -1.I811( RYA 2.74245 Rim -1.58334
12 7OEFSOL
13 S3ARSOL
M1N94 STAIR PROBLEN NURSER 231
FINAL BAR STRESSES FCLLOW
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Oam LOADING CONDITIONS-
NMm... 1 23 4

lei 192 -6.336616 -90961617 -90068911 -0.615188
13 163 -9.336616 -3.336616 -00333335 1.3*4902
111 134 -NoI64832 6*619119 -9.396136 m.562557
191 394 -3.364632 9.619179 -1.396136 3.249224
162 193 -90904943 -64129644 0.941263 -No.98204
132 134 3.316996 -3.630796 -1.691676 0.593117
102 135 -3.349923 0*831211 -26976961 6*261833
162 1NG 6.123057 -1.556156 -M.614562 30232224
112 334 0.167964 80715667 1.691616 3.515773
102 396 49M34011 -2.649621 -6.253517 3.544996
INS 134 3.367964 -0*376774 2.136456 -1.347429
133 195 3.334312 03.36948 3.540526 -3.612231
133 334 00616,946 9.161647 1.433763 -1.149235
193 335 3.123656 1.161939 9.751663 -1.325523
133 336 -f.149926 3.139211 -6.319461 M.261852
134 135 -3.335331 -3.762259 -1.292071 No6S5624
134 196 3.113762 1.543747 2.267724 -0.615669
194 231 36*0456s 1*224396 1.743590 -3.175662
104 232 I.137149 -1.437316 -0.357147 -g3.38636
211 234 01352662 1.234527 1.743563 -00175661
202 233 1.931149 1.617853 3.467465 -I.316863
212 234 -3.395695 -1.639735 -2.647482 3.363863
232 235 -0.366673 5*456656, 1*156913 0.059138
293 234 -0.347622 -3.407104 0.564664 -6.365246
213 235 0.046463 -3.664476 -1*656697 -3.165825
234 235 51983361 -2.719426 1.011614 0.197866
234 236 1.311666 0.719926 1.924447 -3.2563017
234 301 9.052682 -2944677S -3.942163 -0*241978
234 302 -3.347622 -1.323668 9.935206 3. 161529
234 333 -3.379565 1.1"6629 -1.364123 0.176761
205 216 2.126845 -0.971314 -3.646433 -3.373564
235 333 -3.316788 1.492156 -3.561149 -3.109723
236 332 f6.46464 -2.733582 6.394549 -3.291697
236 333 -3.366673 29443148 -745,49446 3.457178
331 332 14333418 1.333409 -3.333321 60669991
301 303 1.113406 3.333439 3.339397 -0.933939
331 334 3.342458 -2.457333 -go942078 -3.241978
312 333 g.131149 8.915869 1.223653 -3.144568
104 213 6.935186 3.364663 -3.564665 3.385247
185 136 1.117267 3.237436 1.299628 -3.264696
135 233 Be135578 3.466539 3.716713 -1.363786
136 213 -3.366672 -53*64276 -1.478264 0.959135
136 212 -0.237365 5.373732 -1*342261 30636866
261 232 .1833438 3.333416 -3.333111 90060091
231 233 3.133418 3.333432 3.311335 90605931
332 334 3.035166 3.978252 -3.935214 -No161536
312 335 -3.166673 -2.830315 -3.660149 3.457172
312 366 1.135861 -1.736923 11s312934 -9o456607
333 384 1.337149 10776161 4.366749 -3.176766
313 335 -3.237366 2o452536 -13s359841 3.618135
334 335 0.313762 -I.354652 -1.491415 1.613445
334 366 -0.115331 1.189037 3.574659 -1.379792
395 3#6 1.017267 3.913236 1.634329 -#o311104
232 266 -0*316766 -3.415652 -1.367493 1.142112

13 68ARSCL
14 9CHECK
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INS04 SiTAI PROILEP NUPBER 263
SUPS Of THE INTERNAL STRESSES AT THE JOINTS FOLLOW
LOADING CONOITIOI' I
JOINT FX FV FZ

101 3.11111 -0.13542 -0.314CI
162 lo.ffil3 -3.19461 -f.31331
133 3.11311 -l.11461 1.11611
114 -1001111 -0039767 I.311IIf
135 -t.11133 -3.38475 -9.11111
116 3.1111I 1.68325 fo11111
201 -3.6111 -1.13542 1.161100
212 E.9110 -1.11462 -3.11111
213 1.13131 -1.11469 -3.1011
214 -togging -3.39767 M.19228
215 -3.01103 -0.1415 -1.11113
216 -IoN1113 -1.164?5 -1.31103
301 3.11111 -3.13542 51.2131
312 -1.O1013 -l.11461 -1.11311
333 l.11311 -9.19461 1.11311
334 1.90133 -1.19167 -1.11111
305 -1.M113 3.66325 3.11311l
306 3.11133 -l.36476 1.91013

LOADING CCNDITICK 2
JOINT FX FY FZ

1II -1.11133 -0.13542 3.31111
102 -1.1111 -I. 11461 C.33111
113 -1.11111 -1.11461 -3.11111
114 lo28111 -1.19786 -3.01301
135 9.00333 -3.18475 fol1111
106 1.0111 -3o64687 -2o91667
201 1.11113l -1.13543 -3.11312
212 4o99996 -1.11461 7o59102
213 Co1111 -2113464 3.I1332
204 3.33332 -1.39786 -9.31311
235 fo09931 -3.38474 3.11311
236 1.11131t -3.38475 0.00900
331 -9.91103 -3.13542 -Estate@
332 -BoO1111 -0.1461 -1.11311
313 5.13133 -1.11461 -7o50100
314 -3.1113 -3.19786 Oo11111
315 3.11313 1.68323 -0419919
316 -12o91109 4o24542 2o91666

LOADING CCNDITICFh 3
JOINT FX FY FZ

Il-3.11313 -1.11112 -t.31311
112 -3.01333 1.31111 -3.11033
133 -1.10113 -4o99998 3.00103
134 1.01313 -3.33931 t.61390
135 -togging -@.Image -3.31311
106 -3.9111 3.16986 4o33340
231 -3.11333 3.11113 0.13112
232 5.11114 -3.31961 -1.31380
213 3.18311 1.31114 e.11302
234 3.11331 -11.11313 M.11311
215 -Io.132 -1.311102 -3.31136
236 -to31113 3.33111 -7.53133
331 3.11333 1.31192 e.11114
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332 -leg1138 -1.11000 -1.8.114
333 5.10113 -8913162 1.81906
334 1.00111 -0.11111 -1.11311
305 -1.18111 46.37355 01.1661
396 -9e99999 -34954342 2.16672

LOADING CCNDITICK 4
JOINT FX FY FZ

131 1.ss1e8 2.11001 3e109010
132 1.18181 -1.18001 lessees
133 1.00810 -0.10161 -1.11191
104 t.03991 6.120se 0161101
135 1.9191f 1.11181o 1.11131
106 9.1019E -1.14434 -1.41667
201 P.00991 -1.91001 -0.11166
232 -1.60101 -0.11311 1.38131
233 -1.66111 -6.11811 -P.19206
204 1.p8111 softest 0.13118
205 90008112 3.1116 @*steps
26t 1.96111 -0.13806 -06.9666
361 -1.11111 -1.13831 -1.10906
332 to13111 6.11181 6.68181
333 -1.61111 0099199 -00119911
364 -1.11111 0.16130 1.16116
335 1.11161 -3.59811 -0.30166
366 -1.18111 2.74245 -1.58334

14 9CHECK
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CHAPTER 3

OPERATOR'S MANUAL

A. INTRODUCTION

Aspects of the STAIR System which affect the computer operator and programmer are dis-

cussed in this and the following chapter. The principal item covered here is running a STAIR

problem from data sheets prepared by the user.
The machine procedure is described for the IBM-709 and -7090. A similar procedure is

used on the IBM-704 except for tape assignments.

B. INPUT-OUTPUT

Data prepared by the user is punched into two card decks (structural data for STAIR and load

data for SLOP). Both decks are converted directly to BCD (Binary Coded Decimal) input tapes.

The load data program binary must first be run on line with a load assembly program (SLOP)

tape (B5), which assembles the loads on a binary input tape. All input to the STAIR program is

thus from tape.
Off-line output from tape B2 is printed on peripheral equipment under program control*

after a successful run. On-line output includes error diagnostics and tracking information, de-

pending on the sense switch settings.

C. MACHINE OPERATION

Starting from prepared data and program tapes, a STAIR problem is run as follows:

1. Mount tapes.

B2 Output (any tape)

A6 Buffer (any tape)

A7 Buffer (any tape)
A8 Load Data (binhry-output from SLOP)

A9 Structural Data (cards pre-stored off-line)

B4 STAIR Program Tape

2. Run program by loading STAIR loader on line (one-card tape loader,

T/4 transfer card and several blank cards).

3. Dismount and save structural data, load data and program tapes.

4. List off-line output.

D. SENSE SWITCHES AND INDICATOR LIGHTS

Sense switch settings allow the following options during the running of a problem:

SS i UP Stop at all detected errors after printing diagnostic.

DN Print diagnostic but do not stop after certain errors are
detected in SLOP and subroutine STRIX (see User's Manual).

*Experience has shown that it is more convenient to have the output printed single-spaced, but
this varies with the peripheral equipment available.
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SS 2 UP No tracing print out.
DN Print tracing information after completion of each step in

ANALYSIS PROGRAM.
SS 3 UP No off-line output from SLOP.

DN Write assembled loads on output tape B2 for listing.

SS 6 UP No off-line output from intermediate steps.

DN Write all information completed in this step on output tape
B2 for listing (used only for program degugging).

Under no circumstances should the I-0 check light be on at the completion of a successful
run. The Divide-Check and Overflow indicators may be on.

E. PROGRAM STOPS

Most program stops will occur after an on-line diagnostic is printed. If a stop occurs with-
out a diagnostic, the Instruction Location Counter (ILC) should be recorded and a programmer

consulted.*

At the end of a successful run, all tapes on DSC A are rewound, and the program is in po-

sition to start a new problem. The next problem may be run by mounting new data tapes AS
and A9, rewinding tape B4, replacing the STAIR loader in the card reader and then clearing and

loading cards.

After stops caused by tape failure, the program may be rerun, but a different tape and tape
drive should be tried. If repeated stops occur, one of the error stops without a diagnostic might

be suspected.
Errors in data input must be corrected in the appropriate card deck, and that deck must be

rewritten on tape before the run is repeated.

F. INTERRUPTION OF A RUN

For problems requiring a large amount of machine time for their solution, it may not be

possible to do all the computations without an interruption which would require getting off the

machine.
To interrupt the program:

t. Mount a tape on B5 for dumping the core.
2. Put Sense Switch 4 down. This will cause the master routine to take

a core dump on tape B5 after the current step is completed, then stop.

3. The partial output is on tape B2. Save tapes B5, A6, A7, AS, A9 and B4.

To continue the run at a later time:

1. Rewrite the structural data tape A9 (off-line) with the data for the
remaining steps.

2. Mount tapes B5, A6, A7, AS, A9, B4 and a new B2.
3. Put Sense Switch 5 down.

4. Run program by loading STAIR loader (tape B4 card followed by a
T/4 card and several blank cards).

*Also see p. i49.
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CHAPTER 4

PROGRAMMER'S MANUAL

A. INTRODUCTION

The STAIR System consists of ii routines, written on a program tape and obtained by the

computer during an analysis problem, and a load assembly program used to prepare data for

the analysis.

The routines on the program tape may be grouped as follows:

i. STAIR operating routines - nine routines (plus a subroutine) which per-
form the operations described in Chapter 1.

2. STAIR service routines - two routines which are called by several of the
operating routines, and a master routine which initiates each analysis
problem and calls successive operating routines.

3. Library routines - conversion, I-0 and elementary function routines, as
punched from the FORTRAN II compiler.

4. MISLAM - an executive routine which writes the STAIR program tape
from a binary deck and controls its operation.

Except for the library routines, all these routines and a pair of load assembly programs

are described on the following pages.
Since the number of instructions comprising the STAIR routines is about 30,000, there is

not enough storage space in a 32,767-register computer tc store all the programs and a large

matrix, simultaneously. Instead, the nine operating routines are stored on tape and called into

core only when needed.
Transfer of control between operations is handled by the master routine. Common storage

(upper memory) is used extensively to allow continuity between routines.

B. DEFINITION OF MATRIX TERMS

A stiffness matrix K is formed from data describing the geometry of a structure and modu-

lus of elasticity of the material E.

A matrix equation is composed of a stiffness matrix and a load matrix F 'Which determine

a displacement matrix U = KIF or F = KU. K is a symmetrical matrix.

Where displacements are governed by external restraints, rows corresponding to those
restrained displacements may be removed from the stiffness and load matrices and stored as

reaction matrices (KR. FR). Reactions may be evaluated from:

R= KR U + FR

A matrix equation may be partitioned into the following form:[ 1 K 2~] U~ 1 [FIl
K21 , I2 U

Block elimination yields an explicit expression for U2:

2"
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K 2 U2  e

K2 = = 2 K T K 1

Ke 22 12 it 12

FKe = F K KT K 1 F22 12 11 1

T is the transpose of K
K12  K1 2

The superscript e denotes an "effective" matrix. The eliminated displacements may be

evaluated from a group of matrices called "residuals":

U1 = K 1 (F- K 2 U2 )

C. CORE STORAGE ALLOCATION

A map of core storage during an analysis problem is given, with approximate actual locations.

Location (octal)Buffer Storag 77777

77461

Common
Storage

(Length Varies)

Not Used

STAIR Operating Routine

(Length Varies)

STAIR Service Routines

Library Routines

MASTER Routine

MISLAM 11

Loader BSS 0

Common storage contains a list of parameters and arrays to be defined in the next section.

All arrays are FORTRAN-stored, one-dimensional arrays. Only the upper half (above the main

diagonal) of a symmetric matrix is stored, so addresses are computed for a triangular array.

Stiffness matrices are stored row-wise and load matrices are stored column-wise.
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D. DEFINITION OF COMMON VARIABLES

Common storage contains the following list of variables during execution of all the operating

routines;

IDP problem identification number

NSTEP consecutive number of steps in ANALYSIS PROGRAM being
executed

E elastic modulus of bar material

NREF number of residual and reaction matrices written on tape A6

NJREAC number of reaction joints in structure

NUT number of units in structure

NK number of loading conditions

NU number of unit whose matrix is in primary storage area

NJT number of joints in primary row sequence

NJSEC number of joints being eliminated from primary row sequence,
or number of joints in secondary row sequence

NRJSEC number of reaction joints among joints being eliminated

NRCSEC number of reaction components among joints being eliminated

JREAC liset of all reactions acting on structure (four words per reaction
joint giving joint number and code indicating whether or not com-
ponents of reaction act in x-, y- or z-directions); (0) means no
reaction, (1) means a reaction

NTAPE tape reading error indicator (set by FIXTPE and sensed by
routine calling FIXTPE)

NROW list of joint numbers associated with matrix in primary storage
area

STRIX primary matrix storage area

The following arrays are included in common storage by all routines except STRIX (to be dis-

tinguished from array STRIX), BARSOL and CHECK.

NROSEC secondary row sequence, associated with matrix in secondary
storage area

LRSEC list of reactions among joints being eliminated

STSEC secondary matrix storage area

Additional parameters and arrays may be included in common storage by the use of certain op-

erating routines, but these parameters do not affect the continuity of operation among routines.

E. TAPE STORAGE FORMATS

Storage formats for the input and buffer tapes attached to DSC A are given below. The

format of the program tape B4 will be described with MISLAM.

Tape A6 - Residuals and reaction matrices in two binary-record groups.

Record 1 - IDOUT, NJT, NJSEC, NRJSEC, NRCSEC

Record 2- NROW, LRSEC, STSEC

Tape A7 - Matrix equation storage in three binary-record groups.

Record I - NHED, NJT, NJSEC, NRJSEC, NRCSEC, NU
Record 2 - NROW, STRIX

Record 3 - NROSEC, LRSEC, STSEC
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Tape AB - Load data with consecutive binary records containing the load
matrix for consecutive units of the structure. The first word of
each record is a heading NHED.

Tape A9 - Structural data in groups of BCD records.

Following an initial group of two data records, the records for
the step number and the operation number follow, each of which
is followed by the data records for the step.

Records I and 2 - General structure data

Record 3 - Step number, operation number
Record 4.... n - Data for this step

Record n+1 - Step number, operation number

NHED identifies a record group u as 32767-u.

IDOUT identifies a two-record group as a residual (0) or reaction matrix (i).

F. STAIR OPERATING ROUTINES

The nine operating routines are described on the following pages. Each description has the
following format:

(a) Operation - definition of the matrix operation performed.

(b) Mathematical method - brief description of technique for performing
the operation.

(c) Initial condition of core - common variables which must be present to
maintain continuity.

(d) Error stops.

(e) Output - to tape only; on-line output consists of error diagnostics and
tracing information.

(f) Final condition of core - common variables which are changed, affecting
continuity.

(g) Addressing diagrams.

(h) Block diagrams - flow charts.

I. STRIX

Operation: Forms a stiffness matrix equation in core from input defining the geometry of

a structure and its load matrix.

Mathematical Method: Terms of the matrices for single bars are computed and superim-

posed on the array of the final matrix. The location of the final matrix array of the bar con-
necting joints a and b is determined by the positions of a and b in the list of joint numbers

NROW. The load matrix for the structure is read directly from tape A8, and is stored imme-

diately after the stiffness matrix. A vector check* indicates if all the bars meeting at any joint
lie in a plane; such a geometry would result in an ill-conditioned stiffness matrix.

Initial Condition of Core: Common variables E, NUT and NK must be predetermined.

*The check for a planar joint is performed in the following manner: Let L, = unit vector in di-
rection of bar i; Lz = unit vector in direction of bar 2; L: = unit vector in direction of any other
bar. First, the vector product z : L, X L 2 is executed. If each component of t is less than
0.000001, the bars are considered collinear, and the unit vector associated with the next bar is
used as L2 to form a new t. Then, the scalar product /C.]/ is executed. If /•.L/< 0.00001
for every remaining bar, the joint is considered planar.
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Error Stops:

(a) Number of terms in matrix equation > 16000.
(b) Number of bars in unit structure >600.

(c) Unit number > number of units.

(d) A bar number includes the number of a joint now in NROW.

(e) All the bars meeting at a joint lie in a plane (see Sense Switch I settings).

(f) Tape failure searching for load matrix.

Output: None.

Final Condition of Core: Common variables STRIX, NROW, NJT and NU define the mat.-ix

equation which has been formed. Common variables NJSEC, NRJSEC and NRCSEC are zeroed.
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STRIX ADDRESSING DIAGRAM:

3NJT " NK

STRIX

II

NV1  N2 TN 3  N, N5  N6  N7 1 N

NROW

N'S JOINT NUMBERS LISTED IN ANY ORDER

MATRIX STORED FOR BAR NI NJ, WHERE NI < Nj BY CONVENTION
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I ENTER STRD(

READ I NPUT I I+ I

K - I
NMEMB (1) 0

SET I -I

TERMINATE ON
I - NJT
YES NO

E SET 1-1

EP Ell I + I J-J+I

SET J =I NROVAI) - NA(J) 0

JBAR (K) Nb(J)

NRO"I) - NB(J)

" *AREA0(K) - ARA((JJ))
j 20

WKI 

I ARAWNA(J) - 0
NA(J) 'o
NII(J)NM J) ýo
NMEMB(l) = NMEMB(l) 11) = NMEMB(l) I
K-K+I
K K

JT

TERMINATE ON TERMINATE ON

1 NJT 

J-NM

1 4LYT ,E S NO YES NO

SET I= I

NERR(Q - 0

STRIX(I) - 0
ITEINA N

TERMINATE ON
I = NJT

= NIM JT TE 0
TERMINATE ON YES NO

I - MAXM

7 

YES 
No

YES NO

NERCT - 0
KSUM - 0
LK - MAXM - 3 x NJT X NK I I

MAIN LOOP
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Ka~~ - LTE10

KSUM KSU + ISPAN(L = SORIF(X(L) - XAl))2

..+ 3 X J? - M~)) + 1 Zj ZI

ALF -IX(L) -TRX(l) SETA2
BETAIX-L + ) - Y)/STRXI A)+ EA
GA. -I + 3X NJ-. M~)/

J-J ~ ~ STRXCA - STRIX(LU) X ESAN X 2)
STRIX(L- A X ALFA2
SETA2 -(A 1)=AETA
STRXCM+2) =- ALGAMA
AL.A = L A X NLJA X MA
SflIX(L - A X ETAXGM

TEMNTERMONAT ONI()= LAtK J KS STRX(L M-).B-1)+

Y ES NO + TIXL 2)-GAM-1A

NJT.~~I NO N=((6X NJT+ 2-N)X(N- W)/2+1
ROW SEUENCES1UIX(L) - STRIX(L) + ALPA2

STEIX(L + 1) - STRIX(L + 1) +ALSET
SThIX(L+ 2)-STRIX(L+Z)+ALGAM
L.-LI 43 XNJ?-~
STRIX(L) - STRIX(L) + BETA2
STRIX(L + 1) -STRIX(I.+ 1) + SEGAM
L - L + 3 x NJ? - N

STRIX(L) - STRIX(L) + GAMA2

CHC -ON LT + N-E
HTIGHER)-NEE -JOINTS
FORMING+1)- PLANE
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CHECK JOINT I FOR HIGHER-

NUIMBERED JOINTS FORMING

PLANE

VX(KSUIM) *ALFA

VY (KSt.NM) *BETA

VBX(I) - VY(KSUIM - 1) X GAMA - VZ(KSUIM - 1) X BETA

VBY(I) = VZ(KSLIM - 1) X ALFA - VX(KSU)M - 1) X GAMA
VBZ(I) = VX(KSUAM - 1) X BETA - VY(KSUM - 1) x ALFA

VAX = ABSF(VBX(I))
VAY = ABSF(VBY(I))
VAZ = ABSF(VBZ(I))

VAX - .000001 VBX(I) -VY(KSJM - 1) XGAMA -VZ (KSUM -1)X BETA

VBY(K) =VZ(KSUM - 1) X ALFA - VX(KSUM - 1) X GAMA

0VBZ(I) =VX(KSUIM - 1) X BETA -VY(KSUM - 1) X ALFA
DOT = ABSF(VBX(I) X VX(KSUlM - 2)

A. ~+ VBY(I) X VY(KSUM - 2) + VBZ(I) X VZ(KSUM - 2))

VAY - ..000001 +LINER= 0

0

VAZ W~lDOT =ABSF(VBX(I) x ALFA + VBY(I) X BETA

VAZ- .0001 ++ VBZ*.I) X GA"A)

000

I'ERR(I) -1I

75



LOWMffJdSSSD JOINTSiAC:_

SIT I - I

hC* ACT, WA~J

TAMINATS ON
m - MIT
YES No

WCTI-IACTI -I

SET K -I K~

NkOW() - JP(K)

ALFA: VXIMCTI

KS~I IOTA. WILCT)

Kl- IGAJAA - VZ(MCTI

W ALA - VX(K)
BETA - VW(K) 0

TGOAMA - VZ(K)
KS = I VAN - AIhF(VIX(I))

VAY - ASSFCIISY(I))
VAZ - ASSFMVZ(I))

V VC) (K)GAMAk VZ(K)ISTA
VfyII VZ(KAJA - VX(K)GAABA VAX -. XX) +
V&Z(I) VX(K)BETA - VY(K)WAJ
KS -20
VAX : AWNSIX(I))
VAY AhCIMY(IIVA I
VALZ - AAh(v~~(VIzO)IY- W

VAXL.O.I +

VAY -. 000
VAZ- .1W

VAZ- .inI
ALFA -VX(MCT + I I

o STA - V(MCT +I)
OAMA -VZ(MCT~ I)
AICT -ACT. I

LONER -I KS-II
KLL - K

0 LINER

'40111 VY(K)GAMA - VZIKISKTA
VIVIII VZ(K)AALPA - VX(K)GANA
VIZII VX KISOTA - VYIKIALFA
DOT -ANSFKISl)XII VXIKLL)

+VBTIKI VY(KLL) + VlZ(III VZ(KLLII
LINES-.S

AO - i AST0 I X V 7'41K

DOT 00WI 0

NownI - -1

OTERMINATE ONTUNASO
T-MCI INJTZA

YES NONO YES

r IOE PO#NTOUT
AND TMIAIIATION



5. PRINT PLANAR

JOINT LIST

i STEP +' I
Ci

NERR (NERCT) N
=NROW (1)

EXIT

II

T7ERMINATE ON
SI = NJT
YES NO

JOINTS NERR (1,NERCT)

JSENSE SVATCH !I
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2. EFFRIX

Operation: Eliminates a block of rows from a matrix equation in core.

Mathematical Method: The rows to be eliminated must be at the top of the original matrix

equation, so that it may be subdivided as indicated:

[2: K2] [21 [2]
K21 Kz22 U2 F 2

If any of the displacements U are fixed by external reactions, the corresponding rows from

Kill K1 2 and F 1 are then separated, condensed and re-stored with the reaction rows removed.

Kit is expanded into square form in the area previously occupied by Kit and K1 2 and is inverted.

Effective matrices are formed according to the following equations and stored at the head of the

array occupied by the original matrix equation.

K K2 K2 - K K

F e = F2 ~K T K F
22 12 11 1

Finally, the residuals K1-1 , K 1 2 and F 1 are written on tape A7.

Initial Condition of Core: Common variables JREAC, NJREAC and NK must be present. A

matrix equation, as formed by STRIX or MADD, must be in array STRIX, with identifying

parameters in NROW and NJT.

Error Stops: Violations of size restrictions, as indicated in the addressing diagrams.

Output: A reaction matrix, if any of the eliminated displacements correspond to reactions

and residuals (all on tape A6).

Final Condition of Core: Effective matrices are stored in STRIX, and residuals in STSEC.

The effective matrix equation is identified by NJT and NROW, both of which are modified by the

elimination of joints. NROSEC contains the original NROW; NJSEC contains the number of joints

eliminated from NROW. The location and number of reactions among the eliminated displace-

ments are indicated by NRJSEC, NRCSEC and LRSEC.
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EFFRIX ADDRESSING DIAGRAMS

d NXROW .-

3 NRA

STRIX

STSEC

SIZE RESTRICTION: NRUSEC< 10

REACTION EQUATION STORAGE BY EFFRIX
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K1  K F

K22  F 2
STRIX

.NRA ~ NRB NKý.

Ku 12  I

STSE

NRA a-3 NJSEC - NRCSEC
NRB - 3 (INUT- NJSEC)

SIZE RESTRICTIONS-

NRA (NRA + 1V/2 + NRA (NRB + NK) < 95D0

NRA2 < 3 NJSEC (3 NJSEC + 1)/2 + 9 NJSEC (INUT - NJSEC)
(3 NJT + NRB + 1)/2 3 NJSEC > (NRB + 1)12 NRO

MATRIX RESIDUAL STORAGE BY EFFRIX

so -



I

EFFRIX - GENERAL

I. CHECK JOINTS TO BE ELIMINATED

+. LR,-C,(-) 0

2. FORM REACTION MATRIX

OUTPUT REACTION MATRIX TO TAPE
STORAGE

3. TRANSFER AND CONDENSE SUBMATRICES
KIll K12, AND FI

I0

[ 4. INSERT KIN SUBMATRIX (SUB-
SUBROUTINE MAVERT)

1I 5. FORM EFFECTIVE MATRICES
K;2 AND F2

OUTPUT MATRIX RESIDUALS TO TAPE
STORAGE

6. CONDENSE ROW SEQUENCE

EL



IA. CHECK JOINTS
TO BE ELIMINATED

FOR REACTION COMPONENTS

IC
NRtJSEC - 0

NRCSEC = 0
MAXRS = I
MAXR - 4 NJREAC - 3

FSET K - 1

NRJEC NJSEC + 1

l8. STORE IDENTIFICATION

OF REACTION COMPONENT
AND MATRIX ROW

TERMINATE ON TERMINATE ON
K - NJSEC L - MAXR
YES NOYES NO

NXROW (NRCSEC+ 1)=0

II
IC. COMPUTE MATRIX

SIZE AND CHECK

RESTRICTIONS

Cnil

az



Ill. STORE IDENTIFICATION OF

f REACTION CO/*ONENT AND J
MATRIX ROWI

LRSEC (MAXRS) = JREAC (L)
LRSEC (MAXRS + 1) a JREAC (L + 1)

J (EAc + 1) 0*
NRCSEC = NRCSEC + I
NXROW(NRCSEC) = 3 x K - 2

LRSEC(MAXRS + 2) JREAC (L + 2)

JREAC (L +2) 0

NRCSEC = NRCSEC + 1

NXROW (NRCSEC) = 3 X K - 1

[7LRSEC (MAXRS + 3) = JREAC (L:+:3:)]I

I.

J •EAC (L+' 3)

83



IC. COMPUTE MATRIX SIZE AND
CHECK SIZE RESTRICTIONS

NRP = 3 X NJT
NRS = 3X NJSEC
NRA - NRS -NRCSEC
NRB - NRP - NRS

MAXM=-NRA X(NRA + 1 Y2
+ NRA X(NRB + NK)

PRNIERR

SIZE RESRICION

MAXM~~AR VIOLATEDRS+ V

+ NRS STOP

84S=NR R



2A. FORM REACTION

MATRIX

SETS K = 1

STEP K + 1

LSA =NRP X(K - 1) SE

SET I = I

LP=(I-I)X(6XNJT-I)/2 LP [(NXROW(K) - 1) X
+ NXROW(K) (6 X NJT - NXROW(K))V2 + I

LS=LSA+I

STSEC (LS) = STRIX (LP)

TERMINATE ON TERMINATE ON
K = NRCSEC I = NRPI =

YESYNOYES NO 
YES NO

ICONTINUE

8S



2B. FORM REACTION

LOAD MATRIX

MAXPRI = NRP X (NRP + 0)/2

MAXSEC =NRP XNRCSEC SE
I KTEP

LS = MAXSEC + M + (K - 1) X NRCSEC

LP = MAXPRI + NXROW (M)
+ (K- 1) x NRP

STSEC (LS) = STRIX (LP)

TERMINATE ON TERMINATE ON

M = NRCSEC K = NK
YES NO YES NO

SCONTINUE
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MAXM= 4 X NJSEC + I

LRSEC(MAXM) = 0
MAXSEC = MAXSEC + NK X NRCSEC
NREF - NREF + 1
IDOUT

87



3A TRANSFER AND

CONDENSE K1 I

I
LIP - 0
LS -0

STE NR +1I
NR -C NXXROW (KCR •

LP~~ - LP+s-,sC=KRSTP÷C

LpSTRIX(LP)

II

LPCLP+UNR TERMINATEO
8NC - NRS

TEMIAE NYES NO

Nit - NRS

YES N



3B TRANSFER & CONDENSE

K12

LP = NRS + I
KR:=I

LPNR - IOW (KR) N

TISTEP C+T •

LP ,. P,,• , , + NR SET NC• 1

s'rSEc(' s) sTR'x(LP) I

NR =NRS

SYES NO

F 
L

B9



3C. TRANSFER & CONDENSE

F
1

LLP = NRP X (NRP+ 1)/2

SLP =LLP +(K -1) X NRP I

K R = I1T 
P N

SET NR I 

T

900

J TSEC (LS)=

STRIX (LP)

TERMINATE ON TERMINATE ON
K = NK NR =NRS
YES NO YES NO

C iONTI NUE
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5A. FORM EFFECTIVE

MATRIX K 22*

LSS - NRS X (NRS + 1)/2

+ NRS X NRB

US - NRA X (NRA + 0/2
STEP JCS + I STTEPJCA + I

- SET ICA - I

DEFSECUJCA) - o

TERMINATE ON
ICA - NRA

YES NO

SET IRA I STEP IRA + I

LS - LBS JCS
LA - IRA

STEP ICA I

SET ICA - I

DEFSEC(JRA) - DEFSEC(JRA)

RMINATE ON + STSEC(LA) X STSEC(LB)

1EIIRA NRA
YES NO ICA IRA +

LT - JCS 0

LS - JCS LSS
LA LA LA LA + I
NRA - ICA

STEP IRS + I

SET IRS -1 III LB + NRI

Lb - LBS + IRS
STRIX (LT) TERMINATE ON

STRIX (LS) ICA - NRA

YES NO

SET JRk- I

STEP IRA + I

STRIX(I.T) - STRIX (LT)

LT - LT + NRB - IRS DEFSEC(JRA) X STSEC (LB)

LS - LS + NRB - IRS

LB-LB+Nll

TERMINATE ON TERMINATE ON TERMINATE
ics NRB IRS - JCS IRA - NRA
YES NO YES NO YES

9t



A5. FORM EFFECTIVEI a : STEP K+1I STEP DEF +L
LOAD MATRIX F2

LSLS - NRP X(NRP + 1 V2 STJE
+ NRS DEFSEC (JDEF) - 0 STEP JRB + 1

LBLS - LBS + NRA X NRB

LT- L+ I DEF NRADEFSEC(JDEF) - DEFSEC(JDEF)

YES NO+ STSEC(LA) XSTSEC(LB)

- JRS - JDEF +0

SET JDEF -I ~~LA - LA +NRA LA-A+I

LAt -A=LA+1

LB - LB + 1

TERMINATE ON
JRB=- NRA

TERMINATE ON YES NO

JDEF = NRA

YES NO

SETJS=1STEP JCS+ I

LB - LBS + JCS
STRIX (LT)

STRIX (LS) STEP JRB + I

SET JRB - 1
STRIX (LT) -STRIX (LT)

- DEFSEC(JRB) X STSEC(LB)
LT =LT+ 1
LS-L S+1 IBL+R

TERMINATE ON TERMINATE ON
.JCS=-NRB JRB -NRA

TEOMTINEUE
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OUTPUT MATRIX RESIDUALS TO TAPE
STORAGE

MAXM= 4 XNRJSEC + I
LRSEC(MAXM) =0
MAXSEC = LBLS + NRA X NK

NREF =NREF + I

IDOUT =0

WRITE TAPE 6
IDOUT, NJT, NJSEC, NRJSEC, NRCSEC
NROW(I), LRSEC(I), STSEC(I)

CONTINUE]

93



6. CONDENSE ROW J

SEQUENCE I

SET I- 1 
STEPI + I -

I
NROW (1)

NROW (LS)

TERMINATE ON

I =NJT

YES NO

NJ NJ - _.__

94



3. MATRO

Operation: Forms the stiffness matrix equation of a unit from the stiffness matrix of

another geometrically similar unit and the load matrix of the new unit.

Mathematical Method: Transformation formulae are applied to 3 X 3 blocks of terms to ac-
complish a rotation in the x-y coordinate plane. The load matrix of the new unit is read directly
from tape A8. If an effective matrix is rotated, its residuals are also rotated and a new effec-

tive load matrix F e is computed. Since the transformation formulae are applied to 3 X 3 blocks,
they may not be applied to a residual from which rows have been removed to form a reaction

matrix.

Initial Condition of Core: The matrix equation of a single unit of a structure must be stored

in core, as by STRIX or EFFRIX.

Error Stops:

(a) New unit number > quantity of units.

(b) Reaction joints among joints in old or new effective matrices.

(c) Tape failure searching for load matrix.

Output: Residuals for the new unit are written on tape A6 when an effective matrix is

transformed.

Final Condition of Core: The general map of core storage is unchanged; transformed

matrices occupy STRIX and STSEC, and the new unit is identified by NU, NROW and NROSEC.

Addressing Diagram: Terms of a 3 X 3 block are addressed from the following location

symbols computed on the diagonal of the block:

LA

LD

LF
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MATRO-GENERA.

A1. READ PRIMARY
SROW SEQUENCE (NROW)

2. READ SECONDARY ROW

SEQUENCE (NROSEC)

SLOCATE AND READ NEW LOAD

MATRIX

3. TRANSFORM PRIMARY MATRIX

(STRIX)

4.TRANSFORM RESIDUAL

MATRICES KI I AND KI2S

5. SPLIT AND RE-STORE LOAD
MATRICES F1 AND F2.1

6. COMPUTE EFFECTIVE LOAD
MATRIX F2

OUTPUT RESIDUAL MATRICESTTAPE
STORAGE
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•- ~1 .RE°AD ATA

READ NROSEC, NU =1,N JE

RI NT 0;OR NJ NJSE

- I.NJT NO. IS WRONGN

0

CNTI NUE N

F READ NROW (1), I=1 , J

SNJSE •C? 0) GO TO SECTION 3

SREAD NROSEC(,I. II,-, NJSEC

I- J

97



2. CHECK REACTION JOINTSI
MAXR -4 X NJREAC -30

NROSEC (1) - •_

JREAC (J)

INRJSEC

J • PRINT ERROR:

J 1 ATTEMPT TO ROTATE

CONTINUE UNIT WITH INTERNAL
REACTION

98
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C

r 3. TRNSFORM STRIL

NU =NUNNRN+INC CI

NRP= 3× NJT
NRS=3XNJSEC

LPF =NRP X (NRP + 1)/2 + I
LPL =NK X (NRP + NRS) + LPF-I S NC NR-'

E E LA = (2 X NRP -3 X NR + 4) X
SEPS - EPS/57.2957795 3 X (NR- 1)/2

S+ 3 X (NC - NR) + I

READ LOADS FROM TAPE8 LD=LA+ 3X(NJT - NR+ 1)
LF=LD+3X(NJT-NR+ 1)

-I

SN = SINF(EPS)CS = COSF(EPS)

SNS - SN X SN

SCSS = CS x CS CALL ROMAT
SNCO = SN X CS (STRIX, NR)

t TRANSFORM

BLOCK

TE EON TERMINATE ON

SNR - NJT NC = NJT
YES NO YES NO
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14. TRANSFORMER7KII andKI2

SSTEP NR + 1

LA = (2 x NRS- 3 x NR + 4) x (NR - 1) x 3/2
+ 3x(NC -NR) + 1

LDL= LA+ 3X(NJSEC-NR+ 1)

LF = LD + 3 X (NJSEC - NR + 1)-II'
STERMINATE ON

NR - JSECCALL ROMAT

YES NO (STSEC, NR)

TERMINATE ON

TERM INT
NXN 2I INC = NJSEC

CYES NO

I LA=LBF+3xNRPX(NR- )
+ 3X(NC-I1)

LD= I.A+ NRP+ I

LF= LD+ NRP+ I

(STSEC, 0)

NR =NRJSEC INC -NJT

YES NO JYES NO

too



5. SPLIT & STORE

F1 & F2

LPT = LPF

LPS = LPF
LSF - LBF + NRS X NRP

LSS = LSF

YES NO

STRIX (LET)

I
SLSS =LSS+ I

LPT = LPT + I,

TERMINATECON
NR = NRS

YES NO

JSET NR, I

STRIX (LPS) 

=I

STRIX (LPT) I

I0

LPS - LPS + I
J LPT -LPT + I

TERMIýNATE ON TERMINATE ON

K K N:K NR=-NRP

:YES NO YES NO _

SCONTIN:U:E

,It 
|t o



STEP JRS1 + 1

DEFSEC (JDEF) - DEFSEC (JDEF)
SET I -I+ STSEC (LA) X STSEC (LB)

L DEFSC)-0

IS-JR LSF+K-1XN

SSET JDES I

STRA (LP JDTRX LP

~~~~~~~LB - LIF ++K- NRP EMNAEO

STI LP)- ST LP ) 1

STPJS+I03SCQB)XSSC(



OUTPUT RESIDUAL MATRICES
TO TAPE STORAGE E

MAXM = NRS X (NRS + 0)/2

+ NRS X (NRP + NK)

IDOUT = 0

NREF = NREF + 1

'RTE TAPE 
6

ID ST, NJTOT, NJSEC, IDOUT, IDOUT,
el• ~NROSCI, IDOUT, STSEC(I)
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TRANSFO~RMS3 X 3
BLOCKS OF TERMS

TA - STRIX (LA)
TB =STRIX (LA + 1)
TC = STRIX (LA + 2)
TD = STRIX (LO)
TE =STRIX (LD + 1)

STRIX(LA+~TB =) STBCSS(TATD)SNC-TE1)N

TBSTIXLA 2) TTCCS TEXSNTIX -2

STRIX(LD) -TO XB CSS - (TA -TTD) X SNCO, -TAX SNS

STRIX(LO -1) = it X CS - TCP X SN

common variables: LA, LO, LF, NC, CS, SN, CSS, SNS, SNCO

subroutine arguments: K22 STRIX, NR

K 1 STSEC, NR

K 12 STSEC, 0
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4. MADD

Operation: Superimposes the stiffness matrix equations on two adjacent parts of a structure.

Mathematical Method: A matrix equation initially in STRIX is transferred to STSEC, and

STRIX is cleared. The matrix in STSEC is identified by NJSEC and NROSEC. A new list of NJT

joint numbers is read into NROW which identifies the new matrix equation to be formed in STRIX.

Joint numbers in NROSEC are compared to those in NROW; the consecutive number of a joint in
NROW replaces the corresponding joint number in NROSEC and 3 X 3 blocks of terms in STSEC

are superimposed on the STRIX array, with addresses computed from the renumbered NROSEC.

NK X 3 blocks from the load matrix in STSEC are stored similarly. When the original in-core
matrix has been restored, a second matrix is located on tape, read into STSEC, NROSEC and

NJSEC, and the superposition process is repeated.

Initial Condition of Core: A matrix equation as formed by STRIX, MATRO, EFFRIX or
another MADD must be in storage area STRIX; it is identified by NROW and NJT.

Error Stops:

(a) Number of registers occupied by final matrix equation > i6000.

(b) Number of registers occupied by either equation being added > 9500.
(c) A joint number in NROSEC which is not in NROW.

(d) Tape failure searching for matrix on tape, or no matrix on tape
corresponding to the tape location given as input.

Output: None.

Final Condition of Core: A matrix equation is stored in STRIX, with identifying parameters

in NROW and NJT. (Common assignments for STSEC and NROSEC differ in their routine from

the others, but they do not affect continuity.) NJSEC is zeroed.
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MADD ADDRESSING DIAGRAM

l 3 NJT bidNK N
NII

N1  N

STRIX

(FINAL MATRIX)

N, N2  N3  N4  N5  N.6 N7

NROW

- 3 NJSEC -lNKI

0N

STSEC

N 2 1N 4 IN 1  N 6

NROSEC

MATRIX SUPERPOSITION BY MADD

106



r

[READ NJTF, T.OC.

MATO0

INITIALIZE STORAGE OF READ TAPE 7
• . IN-CORE MATRIX NDNJSEC

NRS 3NJSEC

2. RENUMBER SECONDARY ROW MAXS - NRS X (NRS 1)/2

SEQUENCE (NROSEC) 4- NRS X NK

3. SUPERIMPOSE SECONDARY 9500 - MAXS

MATRIX ON PRIMARY

MATRIX

READ TAPE 7
4. SUPERIMPOSE SECONDARY NROSEC (1), STSEC (I)

LOAD MATRIX ON PRIMARY

LOAD MATRIX I

MAT 0 PRINT ERROR:

SIZE LIMITATIONS

EXCEEDED

NJSECO- MMATT=MAT+I
NRJSEC - 0
NRCSEC - 0

STOP' O

EXIT

0t



1 . IN IT IALIZE STORAGE

OF IN-CORE iM, mlX

NRP - 3 NJTFJ

MAXP - NRE X (NRP + 0)/2

+ NRP x NK

NR ,= 3x X -J

MAXS = NRS X (NRS + 1)/2

+ NRS X NK

J ~EXCEEDED•

SE 1=1••o. ,•,
v I

I = MAXS

YES NO

I
TERMINATE ONj

I J

JYES NO

ISET I=WEI

I~ ~ co=,U I "

too



STEPMINT +N IEMNT

I=NSET J -INJ

CO N INU 

N MBE 
T 

NRO SEC 
(1)=S

YES NNO YES NOW
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MATRIXSTEP I + 1

- NROSEC (1) - NROSEC (J)

MkP =NROSEC (I) M NIP NROSEC WJ
NP =NROSEC A(0) NP =NROSEC (1)

MiP - NP - NROSEC(I )

K = (2NRS -31 + 4) (1 - 1) 32
+ 3(.J-1) + 1

K T = K+3(NJSEC- I +1)
KTT =KT +3(NJSEC - I+ 1)- I
L =(2NRP -3MP +4) (MP -1)3/2

+ 3(NP -MP) + 1
LT= L +3(N.JT -MP + 1)
LTT =LT + 3(NJT -MP + 1)- I

+ NROSEC(I) - NROSEC(J)

0-

STRIX(L) =STRIX(L) + STSEC(K) STRIXiLTT )1 STRIX LTT : 21 + STSEC KIT -

STRIX(LT) = STRIX(LT) + STSEC(KT) STRIX LIT - 2 I- STRIX LTT + STSEC KIT 2ý
STRIX(LTT) = STRIX(LTT) + STSEC(KTT)
STRIX(L +1) =STRIX(L +1) +STSEC(KT -1)
STRIX(L +2) =STRIX(L +2) + STSEC(KTT -2)
STRIX(LT -1) = STRIX(LT -1) + STSEC(K + 1)
STRIX(LT + 1) = STRIX(LT + 1) + STSEC(KITT-1)
STRIX(LIT - 2) = STRIX(LIT - 2) + STSEC(K + 2)
STRIX(LITT-1) =STRIX(LITT-1) + STSEC(KT + 1) S RX L.)- STRIX(L) + STSEC(K)

STRIX L+ 1) -STRIX(+1 + STSECK 1)STRXL+)STIL+2)+ STSSEC(K+
STRIX LT) - STRIX(LT) + STSEC(KT)
STRIXLT + 1)=-STRIX(IT + 1) + STSEC(KT + 1)
STRIXILIT) - STRIX(LTT) + STSEC(K IT)

Ito



4. SUPERIMPOSE
SECONDARY LOAD
MATRIX ON PRIMARY
LOAD MATRIX

II

SLPR = MAXP - NRP X NK

LSC - MAXS - NRS x NK

A"SET K=I--,
KPR =LPR + NRPXI(K- 1)

KSC = LSC + NRS x (K - 1)

• LP = KPR + 3 X (NROSýEC(I) - 1)

S" LS =KSC + 3 ;x (I - 1)I

SSTRIX(LP + 1) = STRIX(LP + 1) + STSEC(LS + 1)

STRIX(LP + 2) = STRIX(LP + 2) + STSEC(LS + 2)

STRIX(LP + 3) =STRIX(LP + 3) + STSEC(LS + 3)

STERMINATE ON TERMINATE ON

K = NK I =NJSEC

YES No] YES NO

I TINUE



5. MATOUT

Operation: Writes a stiffness matrix on tape from core.

Mathematical Method: Matrices and identifying parameters are written as three record

groups, in the format of Sec. E.

Initial Condition of Core: Matrix equations may exist in core as stored by STRIX, MATRO,

EFFRIX, MADD, MATIN or another MATOUT.

Error Stop: Tape failure searching for tape location preceding location in which MATOUT

is to write, or attempt to find a tape location at which nothing has been written.

Output: None.

Final Condition of Core: No change from start of operation, except that NTAPE is nonzero

if tape search has failed.

9
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MATOUT-MATIN ARRAY DIMENSIONS:

STRIX NO. OF TERMS

MAXM -=3 NJT (3 NJT +' 1V/2

+ 3 NJTX NK

NROW

NJT
NJT

STSEC

NRS = 3 NJSEC - NRCSEC
MAXM = NRS (NRS + 1)/2

+ NRS (3 NJT + NK)

LRSEC

I JNRJSEC MAXR =4 NRJ SEC+ I

NROSEC

MAXI = NJSEC + NJT

i1



#J TOUT

NHEfl-=32767 -NREC

3RE -NTC -NK

TAPE LOCATE NHED
ON TAPE A7

RECORDS RECORD CANNOT BE

FOUND

3AXM3NJTX(3XNJT+3NTN 1)/2J

NRS = 3 x NJSEC - NRCSEC
MAXM =NRS X (NRS + 1)/2

+ NRS x(3×xNJT +NK)

MAXR =4 x NRJSEC + I

MAXJ =NJT + NJSEC
WRITE THIRD RCR

WIT WRE"CORD' 3

11t4



6. MATIN

Operation: Reads a matrix into core from tape.

Mathematical Method: Matrices and identifying, parameters are read into core from three

record groups in the format of Sec. E.

Initial Condition of Core: All matrices and ident'fying parameters are reset by MATIN.

Error Stop: Tape failure searching for tape location, or attempt to find record which has

not been written.

Output: None.

Final Condition of Core: Same as condition when the record group was written by MATOUT

(in regard to continuity of operation).

Array Dimensions: See MATOUT description.

(



IATI

-. READ NREC

CALL FIXTPE

LOCATE RECORD
GROUP ON TAPE A7

PRINT ERROR:

0 RECORD GROUP CANNOT
t BE FOUND

REA RECO•RD' I

MAXM=3XNJTX(3XNJT++×JNK I)/2

I

NRS = 3 x NJSEC - NRCSEC

MAXM = NRS X (NRS + 1)/2

+ NRS X (3 X NJT + NK)

SKIP I RECORD MAXR = 4 X NRJSEC + 1

MAXJ - NJT + NJSEC

I
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7. DEFSOL

Operation: Evaluates joint displacements and reactions from a final stiffness matrix equation

in core and a series of residuals and reaction matrices on tape.

Mathematical Method: A set of displacements is determined from the matrix equation in

STRIX:

KU-=F

First, if any of the displacement u is restrained by reactions, the row corresponding to the

reaction component is removed from K and F and written on tape as reaction matrices
(KR, FR). K and F are condensed and re-stored in STSEC; K is expanded into square form in

STRIX and inverted. The displacement matrix U is formed by multiplication of K-1 and F and
is stored in STSEC. An addressing system is established, and STRIX is initialized to receive

displacements and reactions. After the displacement matrix U is re-stored into STRIX, suc-

cessive groups of reaction matrices or residuals are read back. Reactions are computed by

the equation

R = KR U and FR

Displacements, previously eliminated, are evaluated with other displacements, which were

eliminated at a later step:

= K-1j(F - K 2 U2)

Initial Condition of Core: A matrix equation must be in STRIX as left by any of the pre-

ceding routines.

Error Stops:

(a) Violations of size restrictions, as indicated in the storage diagrams.

(b) Tape failure or machine failure in comparing reaction joint numbers,
read back with a reaction matrix, to reaction joint numbers stored in
core.

Output: Reaction matrix if reactions are located among final displacements. Displace-
ments and reactions are written on the output tape B2 in the same format in which they are

stored in core (one record per joint, giving joint number and u, v and w displacements).

Final Condition of Core: Displacements and reactions are left in STRIX as they were stored.
The only operation which may logically follow DEFSOL is BARSOL.
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DEFSOL MATRIX ADDRESSING DIAGRAM

NRP

NRCSEC,

NRA

X LBLS I

ORIGINAL MATRIX>"
(STRIX)

CONDENSED MATRIX
(STSEC)

REACTION EQUATIONS (STSEC)

NRP

SIZE LIMITATIONS:

M Nt, rA + 1) + NRA X NK < 9406

NRA X NRA,< 16000

NRJSEC,< 10

its



DEFSOL MATRIX STORAGE DIAGRAM MATRIX STORAGE AREA

StTSX STSESAGCE

SECTION

\KF

FINAL MATRIX OF STRUCTURE

2 K-,

FORM REACTION EQUATIONS
LOCATE REACTIONS (STORE ON TAPE A4)

NRA N

3

NR 4 • K F I

KCONDENSED MATRIX

MATRIX INVERSION
(MAVERT) NRA(NRA+I)/2 + NRA X NK< 9408

5CUK
1- Fc

so-LUTION VERTED MATRIX

U- K- Fo H
SOLUTION
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Joint Number

Location Unit Joint

IUADR, 0 0 1 01 u v w

IUADR, + 4(M 1 - 1) + 1 0 1 Mi u v w

IUADR 2 = 4Mi 0 2 01 u v w

IUADR2 +4(Mz-1) + t 0 2 M2 u v w

IUADRN = 4 N-1 M N 01 u v w

IUADRN + 4 (MN- 1) + I N MN u v W

(a) Displacement storage for one loading

Mi = number of joint numbers prefixed by unit number i.

Displacements for loading I

Displacements for loading NK

Reactions for loading I

Reactions for loading NK

(b) STRDC map for NK loadings

4 X NK X (number of joints + number of reactions) <16000.

120
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DEFSOL - BLOCK DIAGRAMS

•. I~~~. CHECK oPNE~FINAL JOINTS FOR RE.ACTION

F3. CONDENSE MATRIX EQUATION ANDSTOE ]

IN STSEC

(I

4. INVERT STIFFNESS MATRIX

(SUB-SUBROUTINE MAVERT)

5.SOLVE INVERTED MTI

6. INITIALIZE DISPLACEMENT AND
r REACTION STORAGE

P. STORE FIRST DISPL.ACEMENTS

8. REA BACK RESILL LC

12. WRITE DISPLACE-
+ MENT AND

REACTION OUTPUT

17

REA BCREIU L BO

121
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IA.. CHECK FOR

REACTION CO/WONENTS

NRJSEC 0
NRCSEC = 0

MAXRS = I

' t

SET NK -I SNESEL-I

III. STORE REACTION

COMPONENT IDENTIFICA-

TION AND MATRIX ROW

NUMBER (SEE EFFRIX

TERMINATEONTRIAEN

K - NJT L = MAXRt

YES NO YES NO

IC. COMPUTE MATRIX SIZE I
AND CHECK RESTRICTIONSJ

12



1C. COMPUITE MATRIX SIZE
AND CHECK RESTRICTIONS

NRP a 3 NJTf NRA - NRP- NRCSEC

SEE EFRX SCINR2

I0
Cl ICONTINUE

£ O

2. r-RM RECTIONMATRI

SEE FFRI SECION



OUTPUT REACTION MATRIX
TO TAPE STORAGE

MAXMa4 X NRJSEC+ I
LRSEC (MAXM) - 0
MAXSEC = MAXSEC + NK X NRCSEC

IDOUT = I
NREF = NREF + 1

WRITE TAPE 6 IDOIJT, INJT,
NJSEC, NRJSEC, NRCSEC,
NROVKI), LRSEC(I), STSEC(I)

CONTINUE

tZ4



IC
3A. TRANSFER AND

CONDENSE MATRIX

0 NRN- NXROW(KR)

LC=L+1KC KR STEPNC + I

-NR + I

LS= LS + 1

NR NRP NC NRP=
YES NO YES NO

ECONTINUE

( )5



3. TRANSFER AND
CONDENSE LOAD
MATRIX

LP= NUX(NRP+1)/2+I

STEP K + 1

SET K I

KR I 1TPN

SET NR~

KR - KR +I STSEC (LS)
-STRIX (LP)

LLS I

TERMINATE ON TERMINATE ON
K =NK NR = NRP

U6

• sao _,s •



5. SOLVE FOR
DISPL.ACEMENTS

NDISI-4JDIS

(SSJIS) SRIX (JDIS)0LAA+

TERM~INATE ON
JDtS - ND15

YES NO

STPK0
STOPNTINU+E

SET K SET JIS -

LB LLS, NR X ( - 1 +4



M.FORM UNIT

ADDRESSING ARRAY

NUTM - NUT- I

READ NUMBER OF JOINT7S
IN EACH UNIT (NADR)

IUADR (1)-O0

STE I26

I _SET I -I



'C

65. INITIALIZE DISPtACE-

( MENT STORAGE

NU~~SE . 104TP1

STRIX LD) 
-JTN

SET I -I

JTERMNANA ON

K I-

CONTINUETEMIAT O

I -

(E4

tZ9N

CONTI



6C. INITIALIZE REACTION

STORAGE

KLOC = NDEFTXN
+R4X(K - I)

STEP: N + 4

LS= KLOC + N
STRIX (LS) = JREAC (N)F I

TERANAT ONTERMINATE ON

K - NK ] N-LR
S NO YES NO

t30



7A. COMPM IU SPLCM
LOCATIONS

II
KI-
NI TPISEI

NR N1 (V0

0O UD NU
4 X NROM) -100 NR - 1 +



S75. STORE FIRST I
DISPLACEMEINTS

SET KK

S TRIX (LD)=

STSEC (LS)

K - NK JNC NRA

YES NO JYES NO
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(7, 8. READ BACK
RESIDUAL BLOCK

BACKSPACE TAPE 6
( TWO RECORDS

1
READ BACK FIRST RECORD

OF GROUP

( MAXR - 4 x NRJSEC + I I

OPUTEI

MAXSEC NRA E3 X NJSEC - NRCSEC
NRCSEC X (3 X NJT +NK) NRB =3 X (NJT - NJSEC)

13

MAXSEC - NRA X (NRA + I
+ NRA X (NRB + NK)

READ BACK SECOND

RECORD OF GR(OUP

BACK SPACE TAPE 6

TWO RECORDS

133



I4A. COMPJIIE REACTIONLOCATIONS

LR d(NJREAC- 1)+ I

STEP ND+4STEP k4

SET NDO-I

SET ?M* -

-D LRSEC(ND) -JREAC(NR)l

LRSEC(ND) - Nk k

MTER ON TERMIINATE ON
INDN IS LR

YYESES N YES NO

SET- INDETI - I)

NAS- RSC((NSTPC+)

*3I

NRA -3 NJTSETM-



DISPLACEMENTS

iCt

II R (I+1/ B l l-LL+NIIfxNA
SE K-1NAI F0r4RSTE

di_(B
SETNR- 

STEULB

TEMNAEO
NA - 135



I2. W4tll!

OUTPUT

WRITE HEADING

I
NTJT - NDEFT/4 I

STEP J + I

LSN = STRIX (LS)

I
WRITE JTN,
DISPLACEMENTS

IS I-S +4
F I

TERMINATE ON TERMINATE ON
K - NKJ = NUTJ

"YES I JYES NO

STE K + I

FOR LOADING K ITP+ --

SET. J ,-,I

IWR(ITE JTN,

REACTIONS
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8. BARSOL

Operation Computes the stress in any bar from the displacements and coordinates of the

joints at its ends.

Mathematical Method: Unit stresses are computed and stored for all loading conditions for
consecutive bars in an input list of bar numbers.

Initial Condition of Core: Common variables NK and NUT must be present. Joint displace-S( ments in STRIX and the addressing array IUADR must be as left by DEFSOL.

Error Stops:

(a) Number of bars >1000.

(b) Number of bars x NK >4300.
(c) Number of joints at ends of bars > 800.

(d) No stop occurs if an illegal bar number is given or if a needed set
of coordinates is not supplied, but the error is indicated in the output.

Output: Bar stresses are written on tape B2 for listing.

Final Condition of Core: Common locations above STRIX are not changed.
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II

. READ INPUT, CHECK SIZE

RESTRICTIONS, INITIALIZE

2. COWUTE BAR STRESSES

3. OUTPUT BAR STRESSES

086



1. READ INPUT
AND INITIALIZE

READ NTBM, NJT
MAXS - NK x NTBAR

C TM

430(MX

0w J
loo, 

RINT RR3R

0 SIZ RESTICTIO



2. COW = IIM )-A+

il).0

0

VIl-OAMO 2-CC(L A2
AM - JOIMO (2) + COIO)

VOIF - A~I(f.2-SUXLS.2
ZDF*SIXLO .- SI1X(DS+2

NUA(LT)- I - ALFA0 YE VNO T

FC - STIAI.SDh XNJ AI (
+ ~ ~ ~ ~ ~ F 4 X XJ -A0iXN -1 +I I

NUY - F X ETA
LCS~~P -FXOAMAJ JJ+

11+ NOLS NOJ
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¶13L.7* O=UTPUT SAR 112

0 -LU-I)

Wil OUTOTPTPUTUTUTM

P-l CORINTE FONLADN

WRITE OUTPUT

LN- 1 + LN 211



9. CHECK

Operation: Sums the bar forces in the three coordinate directions at each joint for each

loading condition.

Mathematical Method: The x, y and z forces in each bar are read from tape A7 and super-

imposed in the correct locations representing the joints to which the bar is connected.

Note: Since the bar forces are computed from the actual
compatible deflections of the structure, that equi-
librium is satisfied at each joint becomes a nec-
essary and sufficient condition that the final solution
is unique.

Initial Condition of Core: Common variables IDP and NK must be present.

Error Stops: None.

Output: Sum of all the bar forces at each joint are written on tape B2 for listing.

Note: CHECK is simply an internal check of consist-
ency of operation. It indicates that a structure
has been analyzed correctly; however, it may
not be the desired structure if some error has
been made consistently throughout the analysis,
e.g., a joint coordinate that is wrong in both
STRIX and BARSOL will not be shown as an error.

14Z



¶

( ENTER
CHECK

COMPUTE
LOADS AT
JOINTS

WRITE

OUTPUT

EXIT
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READ NTMR, NTJT

AKN - NK X NTJTX4 
STEP I + 4

SET I

STRIX(I + 1) - 0
STRIX(I + 2) - 0

) . 0]TRIX7STRIX(1+ 3) 0

TERMINATE

I -7MLN

YES aNNO

W& - W X NTBAR
STEP I + I

E SET I - I

READ LDF, LDS,
FX, FY, FZ

I

STRIX(LDF + 1) - STRIX(LDF + 1) + FX
STRIX(LDF + 2) - STRIX(LDF + 2) + FY
STRIX(LDF + 3) - STRIX(LDF + 3) + FZ
STRIX(LDS + 1) - STRIX(LDS + 1) - FX
STRIX(LDS + 2) - STRIX(LDS + 2) - FY
STRIX(LDS + 3) - STRIX(LDS + 3) - FZ

TEE
I - WBTERMINATEIpaT
YES NoYES NO

WRITE OUTPUT

LS - I
STEP K + I

SET K 1

WRITE OUTPUT
STEP J + I

SET J I

JTN -ZSTURl=X(LS)

WW 7TetoUUTTPPU1111 

T]

UT

LS , LS + 4

TERMINATE TERMINATE

K-W j . NTJT

YES NO YES NO

COT
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G. STAIR SERVICE ROUTINES

I. Master Routine

Operation:

(a) Initializes various storage locations at the start of each problem.

(b) Reads, checks and stores a block of initial data for each problem.

(c) Interprets an input call for each step of an ANALYSIS PROGRAM;
requests MISLAM to read the routine called into core, and transfers

S( to the entry point of that routine.

Error Stops:

(a) NJREAC o 125.

(b) 10 4 NPROG < 0 (NPROG is the code number of a STAIR operating
routine on a call card).

(c) Call cards out of consecutive order (may be caused by input error at
preceding step).

(d) NK > 28.

The Master Routine serves as the main program when the STAIR System is loaded by a BSS

loader. Control passes directly to it when transfer vector processing is completed.
The Master Routine transfer vector contains the entry points of the nine operating routines,

the MISLAM entry BLKIN which reads processed blocks from the program tape and library 1-0

routines. Transfer to each of the former routines is handled by the standard FORTRAN II CALL

statement, which results in a TSX to a TTR in the transfer vector.

Output: In-core matrices after any step, if Sense Switch 6 is down.
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mum

KWIND A7, All, A9

ON sow

CONTIF"TioN OF
AN INTRAUPTED

RUN, REWIND 
Is TE

READ CORE
w" FEW r READ INITIAL

TAN 0

POSITION A-NK PRINT umm: SIZE
All 125 - NMEAC RESTRICT

0

"AD NSCK, NPROG FRONT 111011: DATA
FEE OUT OF ORDER

NS - NSTE-P + I

STOP

N$70 - NSCK

PRINT PROGRAM
0 CONPLETED

NPROG - NPROL PAtM

NPROG 0

=.T

NPROO - 10

+ 0

CALL KKW4 (NPROG) PROGRAM CONIPLETE

OF mat" num PRINT w

SCK, NPROO

L 0~ NSCK, NPROG

ON UP

MINT "TRICU
IN CORE #AAR

4 
mm wffcmIINIX AND STSEC w" CORE ON

SENSE SWITCH 4 ON TAPIS. WNUP
NMm - TOM

S!i



2. FIXTPE

Operation: Positions any tape on DSC A to read a record m, identified by a heading word

32767-N (77777-N octal).

Called by: STRIX, MATRO, MADD, MATIN and MATOUT.

Arguments: N, DSC A logical tape NU, number of binary data block on tape N.

Method: The first heading word encountered is compared to the desired heading word; the

tape is back-spaced or forward-spaced according to the work input. If an end-of-file is en-

countered in forward-spacing or if the heading words are out of consecutive order, the tape is

rewound and forward-spaced.

Error Return: If the tape is rewound and a second attempt to find the correct heading word

is not successful, common variable NTAPE is set equal to one, and control returns to the calling

program. The calling program senses the value of NTAPE and prints an on-line diagnostic.

Normal Return: When a correct heading word is read, the tape is repositioned at the start

of the record containing that heading word, NTAPE is zeroed and control returns to the calling
routine.

Notes: Binary records written by a FORTRAN program
always begin with a zero word, followed by the
list in the "WRITE* statement. No fixed-point
variable written by a STAIR program may ex-
ceed 1800010; heading words are thus safely
distinguished from any other legal number.

4

1
S

S
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NINOU - 1000
IMAX * 3V6

N-I

M=CSPACI N
WAKWPACE N

bACKSPACE N

N, Mi-i

iN48



3. MAVERT

(7 Operation:

(a) Expands a matrix stored in triangular array at the head of STSEC into
square form with heading words before each row at the head of STRIX.

(b) Inverts the matrix at the head of STRIX (using SHARE routine CLMIV-2).

(c) Contracts the inverted matrix back into triangular array without heading
words and stores it at the head of STSEC.

Called by: EFFRIX and DEFSOL.

Arguments: STRIX, STSEC, NRA (NRA is the dimension of the matrix to be inverted).

Error Stop: Underflow or overflow during a floating point operation causes transfer to a

floating point trap routine. If the number can not be normalized, a stop will occur in the trap

routine without an on-line diagnostic. If one or more joints among those to be EFFRIXed or

any of the joints in DEFSOL are still planar, then a stop will occur in MAVERT without a

diagnostic.

Notes: MAVERT was originally assembled for IBM-704,
and, since there is no input or output, the binary
deck of the 704 version is usable on IBM-709 or
-7090. Several TQO instructions in the program
are treated as NOP's by the 709 and 7090, which
do not use the TQO instruction.

4. MISLAM for IBM-7090

Operation: Processes and writes a sequence of routines on a program tape from their re-

locatable binary decks. All these routines must be in the form of standard FORTRAN II sub-
routines except, of course, the main program (master routine). During the running of a prob-

lem, certain of these routines may be read back and stored permanently in core. Others may

be read back individually into a single core area when called by an In-core program.

Definitions:
(a) Routines stored permanently in core make up a "core block."

(b) Routines stored temporarily in core are called "tape blocks."

(c) T/ cards are special transfer cards which separate various blocks
in the binary program deck. T/0-T/4 cards have a 9-row punch
in column I and 0-4 in the address field of the 9-left word.

(d) A "snapshot" is a tape record which contains all the programs written
in core at the time the snapshot is taken. The lower part of the snapshot
contains the MISLAM program, a group of core-block routines, the tape
block last loaded and, possibly, a second group of core-block routines.
The upper part of the snapshot contains the BSS loader and program
symbol table.

(e) A "bootstrap" is a self-loading program written as the first record on
the program tape. The lower part of the bootstrap locates the last snap-
shot written on the program tape. The upper part reads that snapshot
into core and transfers to the entry point of the MISLAM program.

(f) "Dummy records" are two-word records separating bootstrap, snapshot
and-tape-block records. Their presence allows some saving in time
during backspacing. Two words are needed to allow a program delay
during a tape search.

(g) An "end record" is a two-word record which marks the last information
written on the program tape. No reading operation may pass an end record.

0
14t9
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Upper Part of BSS Loader Upper Part
Bootstrap • Sah

Symbol Table of Snapshot

Not Used

(Program Common Storage)

Upper Part of Core Block (Optional)

Tape-Block Area (Length= Max. Tape
Block)

Core Block Routines

Lower Part
of Snapshot

MISLAM
Lower Part
of Bootstrap

Note: The bootstrap is covered by the snapshot
it reads in.

ISO



Functioning of T/ Cards: When the MISLAM program or a snapshot is read into core, con-
trol passes almost at once back to the BSS* loader. The BSS reads cards from the on-line

card reader. Instruction and program cards are interpreted in the normal manner with the cur-

rent relocation. When a transfer card is read, control passes back to MISLAM, which branches

to one of the following options:

a. T/I Card

A T/1 card initiates a tape block.
If the preceding block was a tape block (i.e., if another T/i card was read previously), that

block is written on tape with its transfer vector unprocessed. Relocation is reset to the begin-
ning of the tape-block area, the tape-block area is cleared and control returns to the BSS.

If the preceding block was not a tape block (it must then be the lower core block), the start-
ing location of all tape blocks is set before control passes back to the BSS.

The length of the tape-block area is set with the length of the longest tape block read.

b. T/2 Card

A T/2 card initiates a core block.

If the preceding block was a tape block, it is written unprocessed on tape. Relocation is

set to the end of the longest tape block, and control returns to the BSS.

c. T/3 card

A snapshot is written on the program tape, and control returns to the BSS.

d. T/O card

This is the normal FORTRAN II transfer card.

If the preceding block was a tape block (i.e., if the preceding T/ card was a T/I or a T/2

preceded by a T/1), it is written unprocessed on the program tape.
The program tape is rewound and positioned after the bootstrap record. Successive tape

blocks are read from the tape, their transfer vectors are processed and they are rewritten as

processed tape blocks beyond the present end record. Core block programs are similarly

processed. Finally, the symbol table and BSS are cleared, and control transfers to the main

program (master routine).

e. T/4 Card

If all tape blocks are correctly processed and written on tape, only the core block is proc-

essed before control passes to the main program. Usually this would be used on all normal

i runs instead of a T/0 card, except those which involve writing of tape blocks.

*Note: The BSS loader for the 709 or 7090 must be a t0-card loader due to timing in the in-
structions.

1
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PROGRAM TAPE FORMAT:

BEGINNING OF TAPE BOOTSTRAP

RECORD GAP (TYPICAL)
DUMMY RECORD

UNPROCESSED TAPE BLOCK I

DUMMY RECORD

UNPROCESSED TAPE BLOCK 2

DUMMY RECORD

I UNPROCESSED TAPE BLOCKS

DUMMY RECORD

SNAPSHOT

DUMMY RECORD

UNPROCESSED TAPE BLOCK N

DUMMY RECORD

PROCESSED TAPE BLOCK 1

DUMMY RECORD

I PROCESSED TAPE BLOCKS

DUMMY RECORD

PROCESSED TAPE BLOCK N

DUMMY RECORD

END RECORD
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RECORD FORMATS:

A. inprocessed tape block

CODE word (1000 + block number)

dummy word

unprocessed routine

B. Process tape block

CODE word (2000+ block number)

processed routine

'7
C. Snapshot

snapshot code word (1000 mapshot No.)
quantity of words in lower part of snapshot

I} lower port of snapshot

read command for upper part of snapshot
. - " dummy word} upper part of snapshot

(1
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D. Dummy Record

77776 octal

dummy word

E. End Record

77777 octal
dummy word

Notes: Identifying code numbers ore held in the decrement of the first word of
each record. Dummy words are required for program delay while the
preceding word is being read.
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Reading Back Tape Blocks: Processed tape blocks are read into core by MISLAM at its

BLKIN entry point. This entry may be made from any core-block program with a CALL

BLKIN (W) statement. The tape is positioned to read tape block I, the block is read and control

passes back to the calling program. The tape block is entered by a second CALL statement.

Assembly of MISLAM for IBM-709 or 7090: The SAP-coded version of MISLAM for 704 re-

quires several modifications in the assembly program which allow various parts of MISLAM to

overlap. (In particular, after the bootstrap record is written, the main part of MISLAM is

stored over the bootstrap in core.) These modifications could easily be made in 9AP, so certain

709 and 7090 operation codes are defined in SAP language and the program is assembled on 704,

using CORSAP as Assembler.

Error Stops:

t ((a) Tape failures during reading or writing operations.

(b) No snapshot written when writing program tape.

(c) Proper sequence of T/ cards violated. Proper sequence when writing
program tape is T/i - T/2 - T/0. T/3 cards may be given at any time;
a T/4 card may only be used alone.

(d) Number of tape blocks >20.
(e) Number of snapshots > 1000.

(f) Reference from one tape block to another (any program in the core block
may refer to a tape block when it is read in).

Writing the STAIR Program Tape: The FORTRAN II and SCAT routines comprising the

STAIR system are compiled into relocatable binary decks in the usual manner. These decks

are combined with T/ cards into the following deck which is read on-line and written on tape B4.

The order of operaiting routines must be followed exactly as shown. Since control passes to the

main program following the T/0 card, data may be waiting for an analysis program when the

program tape is written.
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linwy Deck Seque

for STAIR Peogra Tap

FORTRAN BSS LOADER

~J MISLAM

MAIN

W[ LIBRARY SERVICE ROUTINES

STAIR ROUTINES FIXTPE, MAVERT

T/1 CARD

L Z STAIR ROUTINE STRIX

T/I CARD

STAIR ROUTINE EFFRIX

T/I CARD

W ] STAIR ROUTINE MATRO

T/I CARD

STAIR ROUTINE MADD

T/I CARD

W• STAIR ROUTINE MATOUT

T/1 CARD

STAIR ROUTINE MATIN

T/1 CARDD STAIR ROUTINE DEFSOL

T/1 CARD

STAIR ROUTINE BARSOL

T/1 CARD

W ] STAIR ROUTINE CHECK

- T/3 CARD
- T/0 CARD

156 *10 CARD LOADR FOR THE 709 AND 7090
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Subsequent Runs of Program: When a program is written on tape by MISLAM, there are
several ways of initiating a run of the program.

(a) New program is to be added to core block. (A new version of a program
will replace a prior version of the program in the transfer vectors of all
calling programs.)

get tape B4 card (loads bootstrap)

T/2 card

Z new core-block program

T/3 card (optional)

T/0 card

(b) No new program to be read; tape-block transfer vectors are already processed.

(This is the normal procedure for initiating a run when the program is debugged.)

get tape B4 card

T/4 card

H. STAIR LOAD PROGRAMS

Operation: Form load matrices for each unit of a structure and write these matrices as

consecutive binary records on tape, which may be read back by the STAIR program during an
analysis problem.

1. SLOP I

fl Method: For each of a number of loading conditions, joint loads are read into core and
stored (in a format simiilar to displacement storage by DEFSOL). When all loads for all load-

ings are stored, joint lists identifying the matrices of consecutive units are read, and load

matrices are assembled according to the order of joints in the joint list. Rows of each load

matrix correspond to force components and columns to loading conditions. Trhe matrices are

stored columnwise. An end-of-file is written after the last load matrix. A heading word is

written as the first word in each load matrix record (32767-u, where u is the number of a unit).

As each term is taken from the load storage area to be stored in the matrix assembly area, its

register in the load storage area is cleared; this prevents duplication of loads at joints shared

by two or more units.

Error Stops:

(a) 3 X number of loadings X number of joints in structure > 26000.

(b) 3 X number of loadings x number of joints in any unit > 2000.

(c) Joint lists out of consecutive order.

Error Diagnostic, but no Stop:

(a) Illegal joint number with input loads.

( (b) Illegal joint number in a unit joint list.

Output: Load matrices are always stored as binary records on tape AS. If Sense Switch 3

is depressed, load matrices will also be written on tape BZ in form for listing.

0
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Storage Addressing: Joint numbers have the form i j. where i is a unit number and j is a

joint number within that unit. Addresses in the load storage area are computed with a "unit
iJ

addressing array" IUADR, where IUADRi = E 3 uk (uk is the number of joint numbers pre-k=1
fixed with unit number k). The location A of the x-component of load at joint i j for loading I
is thus: A = (I - I) N + IUADRi + 3(j - 1) + I(N is 3 X number of joints in the structure). An
illegal joint number is either one of the following:

(a) i > total number of units.

(b) IUADRi + 3(j - 1) + I > IUADRi + I.
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SLOP I

READ IDP, NK, NUT]

IUADR NUT

I A IUD 1 FORM
IUADR (1) uIUAT ADDRESSING

IUT=IA A ARRAY

IF (2600-MAXI) - PRINT ERO1 CHECKJ TOTAL

ZERO

STLD () - 0LOAD
STORAGE(EMNAEO AREA

I MX
YES'59



READ AND
STORE I LOADS STEP K +

[-SET K -I

NERR - 0

KLOC - (K - 1) X 16AT

READ NJLD
STEP J + I

SET J I

READ JT, FX, FY, FZ

NU - JT/100

IF(NUT - NU)

0

LD = KLOC + IUADR(NU)
+ 3 X QT - 100 + NU - 1) 1

I

E LTST -
LD - KLOC

NU NU + I

IF(IUADR(NU

NERR NERR + I STLD(LD) = FX
I STLD(LD + )) - FY

LERR(NERR) - JT STLD(LD + 2) - FZ

TERM NATE ON
PRINT ERROR LIST J - NJLD

I I YES NO

TERMINATE ON
EXIT TO LOAD VECTOR K - W
ASSEMBLY YES NO
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FOtM UNIT LOAD STEP I STEP +
VECTOR - ENTER I

NERR NEU + I
SET I -I

NU - NROW (J)/I 00 LEWNERR) - NROW (J)

IF(NUT - NU) 
NADR (J

READ NUCK, NJTl 
.0

NROW +
0

STEP J + I
IF (I - NUCK)

NADR(J) - IUADR(NU)

ERROR 0 + 3 x (NROW(J) - 100 X NU - 1) 1 IF (NADR(J))
ROW SEQUENCES NOT

ECUlIVE SET J -IIN CONS 4
ORDER 

IFOUADR (NU) - NADR =(J)) F
I LD = NADR(J) + KLOC

IF (NERR) + I
ASLD(LS) = STLD(LD)
STLD(LD) = 0

TERMINATE ON ASLD(LS + 1) = STLD(LD + 1)

J - NJT STLD(U) + 1) = 0

YES NO ASU)(LS + 2) = STLD(LD + 2)

PRINT ERROR STU)(LD + 2) = 0

ROW SEQ. CONT. LS I
WRONG JT. NOS. STEP K+ I

SET K = I LS - LS + 3

KLOC = (K - 1) X WAY TERMINATE ON
UP 

J - NJT
MAXI. 3 XNJT X NK] EP J - I YES NO

VECTO 

L-ST

WRITE LOADI SINARY, ASLD(L) TERMINATE ON STEP J + IL = 1, MXXL 
K - NK

I YES NO
IF (SENSE SW. 1) 

IF(NADR) (J)) +

DN
STEP K * I ITE ERROR, WRfff

NNOW (J) NROW (J)
LS - I 

ASILD (LS)

WRITE HEADING ASLD (LS + 1)
SET K 1 LOADS FOR UNIT I ASLD (LS + 2)

LOADING K

L SET

TERMINATE ON _ i

I - NUT' 

SYES NO IL

TERMINATE ON

EXIT K - NK

L MYESNO
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2. SLOP 2

Method: In addition to the functions performed by SLOP I, SLOP 2 computes joint loads
due to dead weight of the structure. Input to the program is divided into groups; the first word

in each group selects the function to be performed (store hand-computed loads, compute dead
loads or assemble load matrices).

Optional Error Stops: (no stop if SSI is down)

(a) Illegal joint numbers in input list of coordinates.

(b) Illegal bar number in input list.

(c) Illegal joint number in input list of loads.

(d) Illegal joint number in the joint list of a unit.

Unconditional Error Stops:

(a) Illegal input code at head of an input group.

(b) Illegal loading number on input group heading card.

(c) 3 x number of loadings x number of joints in structure > 19000.
(d) Unit joint lists out of consecutive order.

(e) 3 x number of loadings x number of joints in any unit > 2000.

Output: In addition to the output options of SLOP 1, total weight of the structure and co-
ordinates of the center of gravity are printed out on-line for each dead load calculation.
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1. INITIALIZE AND
READ INPUT
PARAMETERS

Co

COORDINATESI
3. READ AND CHECK

SBAR NUMBJERS

St
4. READ INPUT BLOCK

HEADING

5. READ DENSITY 7. READ AND STORE B. IASSEMBALE PRINT
AND GRAVITY VECT. INPUT LOADS LOADS FOR UNITS ERROR

COMPUTE DEAD SO

LOADS AND STORE

6. OUTPUT CENTER OF]
SGRAVITY
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1. INITIAL AND
READ INPUT
PARAMETERS

REWIND 15
READ IDP, NK, NUT,
NJT, NBAR, IUADR(I)

IOONIAR MX IELIIAIN

CDONTINUE
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2. READ AND CHECK
COORDINATES

WRR - 0

SET I -I

READ JT, X, Y,
NU = JT/IW

NUT - NU

0

D IUARR (NU)
+ 3(JT - 100 NU - 1) 1

U NU+l

IU (NU) - LD

KRR +

NERR NERR + I
PRINT ERROR
FOLLOWING JTS. LERR(NERR) - JT
ARE ILLEGAL7V

I COORD(LD) X

SENSE SWITCH I COORD (LD + 1) Y
COORD (LD + 2) Z

i DN UP

TERMINATE ON
I - NJT

STOP YES NO

i6s



+3(N... -0 0U )

NC- NUT-+NI

0

-NE0 IUADR(NC) - LA

CON~iNUE STOP
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4. READ INPUT

KLOCK HEADING

NBLK a NELK +I

READ INTP, NLD

5. READ DENSITY AND
GRAVITY VECTOR
COMPUTE DEAD

LOADS AND STORE =+

READ DENS, GX, GY, GZ

IVA, WX 0LA =NMA(I)

DY 0LB NMB#A(I)

DWZ 0XBAR - COORD(LB) - COORD(LA)
IYBAR - COORD(LB + 1) - COORD(LA + 1)

ZEkAR - COORD(Lb + 2) - COORD(LA + 2)
SPAN - SQRTF(XBAR2 + YEAR 2+ ZBAR2)
WEAR - AREA(Q) X SPAN X DENS/28800

DWT - DWT + 2WBAR
DVO( - DWX + WEAR(COORD(LA) + COORD(Le))
DWY - DWY + WBAR(COORD(LA + 1) + COORD(LB + 1))
DWZ - DWZ + WBAR(COORD(LA + 2) + COORD(LB + 2))
LA - LA + KLOC

LB - lB + KLOC
STLD(LA) - STLD(LA) + WEAR X GX
STLD(LA + 1) -STLD(LA + 1) + WAR X GY
STLD(LA + 2) - STLD(LA + 2) + WEAR X GZ

STLD(LE) - STLD(LB) + WEAR) OX
STLD(LE + 1) - STLD(LB + 1) + WEAR X GY
STLD(LE + 2) -STLD(LB + 2) + WEAR x GZ
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6. OUTPUT CENTER
OF GRAVITY

DWJC - DW(/bWTNU-J/O
DwV' . DWY/DwF
DWZ - DWZ/bWT

PRINT WEIGHT
OF STRUCTURE,
DIRECTION COSINES
OF GRAVITY VECTOR
AND COORDINATES L UD(L

OF CENTER OF+ JT-10U )+I

GRAVITYNU-U+I
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S. ASSEIVALl LOADS FOR UNITS

KEWIND $ )-J+l
SENSE SWITCH 3 up READ NUCKý, 7NJUNE".0 

__9E]
F; I MAWL - 3NJU X NK NU - NROVAJ)/100

ON

WRITE OUTPUT TAPE IDP 

NU I dNIIOMJ)/I*l

2000 - MAXL NUT - U 0

0 NADR(J) - IUADR(NU) +
3(NROW(J) - IOGNU - 1) + I

SET I -I I - NUCK + NU - NU + I

IUADR(NU) - NADR(J)

NEU PRINT ERIIOR 0
PRINT ERROR SIZE LIMI- -

+ UNIT LIST TATIONS RE-
STRICTtON NM-NM+ I

LEVANW) - NROV,,J)
PRINT ERROR NADR(J) - 0
ILLEOAL JT.
NUMSERS

TERMINATE ON
SENSE SWITCH I j - NJU

YES NO

LOP DN

STOP LS- I J-J+I

LS- I

NADIKJ)

SET K- I

K-K-I SET K -I 
K-K+I 

ý i FKLOC - IUAT(K - 1)
WRITE 0

j.j+I TAPE 1, WRITE OUTPUT
TAPE NROW(J),

SET J -I ASLD(LS) ' 1),
ASLD(LS
ASUD(LS + 2)

+ NADR(J) 0

LD - NADR(J) + KLOC LS - LS + 3
ASLD(LS) - STLD(LD)
STLD(LD) - 0
ASLD(LS + 1) - STLD(U) + 1) TEVMNATE ON TBýNNATE

STLD(LD + 1) - 0 K-NK J - NJU

ASLD(LS + 2) - STLD(U) + Z NO YES YES NO

STLD(LD + 2) - 0

LS - LS + 3

TERMINATE ON TERMINATE ON TERMINATE ON I - NUT
K-NK j - NJU YES, P40
NO YES YES 140

NHED - 3V67-1
WRITE TAPE I
NMtD , ASLD(J) 

END FILE 92, END FILE I

SENSE SWITCH 3 ON NWIND MINT TERMINATION
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CHAPTER 5

SmLIMITATIONS AND EXTENSIONS

At this writing, the full capacities of the STAIR program have not been realized. Theoreti-
cally, a structure that has a total of 3875 joints (including 125 reaction joints) can be analyzed

for one loading condition, but the largest structure analyzed to date has only 600 joints and three
loading conditions.

For problems involving large structures (more than 400-500 joints), the limiting restrictions

of the various routines can be circumvented as follows:

SLOP: If there are no gravity loads, SLOP represents no restriction.
If gravity loads are wanted, the structure can be broken into
several sections and the gravity loads computed for each sec-
tion separately. Then, by superimposing the loads, SLOP can
be run again with the gravity loads as applied loads. Note that
storage locations also could be reassigned in SLOP to accom-
modate a larger problem, but this measure is somewhat limited.

STRIX: The structure can be broken into any number of units.
EFFRIX: This routine can be called any number of times if necessary.*

MATRO:. This is limited by STRIX, and thus is not a limitation in itself.
MADD: EFFRIX can be called any number of times before a MADD op-

eration; thus, the matrices to be added can be reduced to theproper size.

MATOUT: This is limited only by the limitations of the other subprograms.

MATIN: This is limited only by MATOUT.
DEFSOL: EFFRIX can be called any number of times before a DEFSOL

operation. The only other limitation is discussed below.
BARSOL: This routine can be called any number of times.

CHECK: The restrictions of this routine do not affect the program.

The fourth restriction (see p. 39) of DEFSOL represents the only limitation on the STAIR
program. If this restriction becomes too severe, the program could be rewritten to accommo-

date a special problem, but an experienced programmer should be consulted.

It should be kept in mind that the STAIR program solves only linear problems since the
stiffness matrix of the structure is based on the undeformed geometry. If deflections are so
large that the angles of connection of members at joints are altered, the results should be treated
as only approximations of the actual structural behavior since the problem is no longer linear.
Further, there is no provision in the program to handle buckling of individual members of the
structure or buckling of the structure as a whole. Consequently, structural instability other than
geometric instability must be analyzed by other methods, i.e., buckling of a trussed arch or
column would not be indicated in the results of a STAIR ANALYSIS PROGRAM.

Computer round-off error becomes important when solving extremely large problems. It
is difficult to say how much round-off error will affect any one problem, since the parameters
aiffecting the error are a function of the problem to be solved. In general, the types of structures
analyzed by STAIR are not greatly affected by round-off error, but it cannot be discounted as a

( '• possible source of inaccuracy in the results. For any given problem, it is possible to evaluate
the round-off error if an experienced programmer or mathematician is consulted. Experience

*EFFRIX canbe called only once for a given unit if MATRO later forms another unit from the first.
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Is
in problems with up to 200 joints has shown the results were good to five •',ijcan1  ,.ures.

However, this should not be used as a standard of c piparison, but only as r uiri...

In Its present state, the progranm will solve for keflections for only gritty and &pli I

and the structure has to be made of nieribers of constqnt density and modu,, s of elastiLityi

ever, deflections caused by temperatur- changes or fat-rication errors can )e handled with a igh

modifications of the program. By making appropriate cha1gges in the areas of bars In SLOP, or

the actual STAIR ANALYSIS PROGRAlN, members whicWhave different devsities or moduli of o

elasticity can be handled by the computer. -

Occasionally, reactions may be in d rectionr ither than along the coo i.•nate axes. This

problem can be easily handled by us:-ng a simplc 'e- or twp-bar "tripod" wvith short members

of large area. The bar(s) of the tripod are oriented in the 01irection of th,' desired reaction-and

the standard x, y and z reactions hold the ends of the baJ s opposite the structure.

Other changes in the input data or t14- program itself till extend the ý' NALYSIS PROGRAM

to cover any type of loading or structurdl action to which pin-jointed str icture may be subjected. -

In making modifications to the input datE. ,)r the frogram itself, i clear i -derstanding of the

mathematical method of solution bf the 'TAIR program is necessary. Although some analogies

exist between the matrix operatio s involved in the solution of a problem and physical operations

in the actual structure these analogries sometiniks break down and will , :use erroneous results.

The mathematical model of the structure inay not always býn exact rep: .oduction of the physical

structure, and it cannot be overemFhasztd that s07.tle li•t fer es in thE ehavior of the_

and its mathematical model may cause baffling and erroneous t 6sults.

/
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